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INTRODUCTION 
Weaning weight is one of the most important criteria of 
selection for genetic improvement in beef cattle. The trait, 
expressed by the calf, is often regarded as a characteristic 
of the cow. It represents a cow's salable production and, 
therefore, it is of direct economical importance and plays a 
major role in deciding whether a cow should be permitted to 
remain in the herd. The trait is generally considered to be 
influenced by the effects of genes directly responsible for 
growth, by maternal eibility, and by environmental factors. 
The relative role of heritable effects is often examined since 
such knowledge is helpful in planning systems for breeding 
and selection. The influences of genes plus maternal 
abilities are generally regarded as a repeatable portion of 
the trait of cows, as expressed in their calves; the estimate 
of these influences is used to predict future production of 
the cow based on her earlier records. 
Cows expressed their own weaning weight when they were 
calves and later on, yearling weight and "mature" weight. 
These various weights of cows can be used as criteria of 
selection for cow production if they are known to have some 
association with calf weaning weights. The degree and nature 
of relationships of cow and calf weights offer a partial 
solution to a practical problem frequently asked by beef 
cattle producers relative to whether large or small cows would 
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yield higher net returns. 
The data used for this study were the calf weaning weights 
and cow weaning, yearling, and "mature" weights. They were 
collected from three Iowa State University experimental farms 
during the years of 1951 to 1965. The purposes of this 
investigation are: 
(1) to examine the effects of various environmental 
factors influencing calf and cow weights, 
(2) to estimate the heritability of calf weaning weight, 
(3) to estimate the repeatability of weaning weight and 
"mature" weights, and 
(4) to study the degree and nature of relationships 
between cow weights and calf weaning weight. 
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REVIEW OF LITERATURE 
Factors Affecting Weaning Weight 
Various sources of extraneous variability contribute 
to the variation of beef cattle weaning weight, such as 
methods of feeding and management, years and seasons of birth. 
Investigators usually attempt to standardize environmental 
variations as much as possible, but sources such as year and 
sex cannot be controlled easily. The effects of these 
influences can be measured statistically and the data 
standardized, as reported in many studies. 
Sex of calf 
The difference between growth rates of male and female 
has long been recognized in beef cattle. The difference of 
weaning weight at 180 to 240 days between two sexes ranges 
between 20 to 40 pounds. Koger and Knox (1954) reported the 
weaning weight at 205 days of Hereford bull calves averaged 
26 pounds heavier than heifer calves. Koch (1951) studied 
175-day weaning weights of Hereford calves and found bull and 
steer calves to be heavier than heifer calves, 44 and 13 
pounds, respectively. He noted two reasons for steer calves 
being lighter at weaning than bull calves; one is selection 
of smaller calves to be castrated and another is a direct 
effect of castration. Botkin and Whatley (1953) estimated the 
advantage of 25 pounds for bull calves over heifer calves when 
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210-day weaning weight is considered in Hereford cattle. 
Harwin, et al. (1966) computed the 200-day weaning weight of 
Hereford bull calves to be 21 pounds heavier than heifer 
calves. Many other reports indicated the sex difference in 
weaning weight to be within this range, as summarized in 
Table 1. 
Gregory, et al. (1950) at Nebraska Agricultural Experi­
ment Station did not detect a significant sex difference in 
the 200-day weaning weight of Hereford calves. However, the 
trend of the difference is in general agreement with most 
other reports. Sawyer, et al. (1948) at Oregon Agricultural 
Experiment Station found heifer calves to be slightly heavier 
than bull calves, but the difference was not large enough to 
be significant. 
Other reports suggested that the sex difference in 
weaning weight was larger than those mentioned above. Brown 
(1958), working with Hereford and Angus cattle at the Arkansas 
Experiment Station, found bull and steer calves to be heavier 
than heifer calves. Bull calves were 107 and 67 pounds 
heavier, in Hereford and Anguç, respectively; steer calves 
were 25 and 23 pounds heavier, Thatcher (1962) reported a sex 
difference of 49 pounds for 190-day weaning weight of Angus 
and Hereford calves at Saskatchewan. 
Gregory, et al. (1950) reported that standard deviations 
of weaning weights at 200 days of age were consistently larger 
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Table 1. Difference in weaning weight due to sex as reported 
in the literature 
Authors and 
year published Breed^ 
Weaning 
age 
(days) 
Location Results^ 
(pounds) 
Koger and Knox 
(1945) HF 205 New Mex. M-F = 26 
Koger and Knox 
(1947) HF 205 New Mex. M-F = 30 
Sawyer, et al, 
(1948) HF 210 Ore, H>S (ns.) 
Gregory, et al. 
(1950) HF 200 Nebr. M>F (ns.) 
Koch (1951) 
Botkin and 
Whatley (19 53) 
HF 
HF 
176 
210 
Mont, 
Okla, 
S-H 
B-H 
M-F 
= 13, 
= 44 
= 24.6 
Burgess, et al. 
(1954) HF Colo. 
** 
B>S>H 
Rollins and 
Guilbert (1954) HF 240 Cal. B-H = 68 
Evans, et al. 
(19557" 
Hitchcock, et al 
(1955) 
HF 
HF 
210 
225 
111. 
Ore. 
B-H 
S-H 
M-F 
= 22, 
= 27 
= 22 
Koch and Clark 
(1955a) HF Mont. M-F = 26.2 
= Hereford, BM = Brahman, SH = Shorthorn, A = Angus, 
D = Devon, F = Holstein-Friesian, G = Santa Gertrudis. 
= male, F = female, B = bull, S = steer, H = heifer. 
** 
P<0.01. 
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Table 1 (Continued) 
Authors and 
year published Breed' 
Weaning ^ 
age Location Results 
(days) (pounds) 
Peacock, et al. 
(1956) HF, BM, 180 
D, SH 
Rollins and Wagnon 
(1956) 
Dunn (1957) 
Brown (1958) 
Reynolds, et al, 
(1958) 
Brown (1960) 
Hamann, et al. 
(1960) 
Minyard and 
Dinkel (1960) 
Peacock, et al. 
(1960) 
Brinks, et al. 
(1961) 
Brown (1961) 
HF 
A, HF, 
SH 
BM, SH 
cross 
A, HF 
BM, SH 
cross 
Swiger (1960) HF 
HF 
240 
230 
HF, A 240 
250 
A, HF 240 
238 
190 
205 
205 
180 
A, HF 180 
240 
Fla. 
Cal. 
la. 
Ark. 
Fla. 
Ark, 
Kan. 
S.D. 
Fla. 
Ohio 
Mont, 
Ark. 
B-H =28.3 
Suppl.: 
S-H = 31 
Non-suppl.: 
S-H = 18 
M>F 
HF A 
S-H: 2T" 23 
B-H: 107 67 
S-H = 34 
M-F 
** 
57, 33, 
22 in 3 
herds 
S-H = 40 
B-H = 34 
M-F = 28.2 
B-H =45.4 
M-F 
** 
20.9, 
24.1 
in 2 herds 
S-H 
S-H 
= 66 
= 36 
** 
** 
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Table 1 (Continued) 
Authors and 
year published Breed* 
Weaning , 
age Location Results 
(days) (pounds) 
Frigerio (1961) A, HF, 
SH, cross 200 la. 
Lasley, et al. 
(1961) 
Lehmann, et al. 
(1961) 
Pahnish, et al. 
(1961) 
Neville, Jr. 
(1962) 
Pizarro (1962) 
Thatcher (1962) 
Flower, et al. 
(1963) 
Hamann, et al, 
(1963) 
Meade, et al, 
(19633 
Sewell, et al. 
(1963bT" 
Drewry (1964) 
HF 
A, HF, 
SH 
HF 
HF 
A, HF, 
SH 
A, SH, 
HF 
HF 
HF 
A, HF 
210 Ariz. 
203 Va. 
270 Ariz. 
240 Ga. 
240 Argentina 
190 Saskat­
chewan 
180 Mont. 
222 Kan. 
A, BM, 205 
D, cross 
180 
205 
Fia. 
Mo. 
la. 
B-H =23.9 
S-H = 39.7 
** 
** 
B—H = 26.4 
B-H = 40 
S-H = 6 
** 
B-H = 44-99 
** 
S-H = 12.5 
M-F = 18.4' 
B-H = 49 
** 
** 
B-H = 28 
S-H = 23 
** 
** 
S-H = 40 
B-H = 31.6 
S-H =20.3 
** 
** 
** 
S-H = 24.2 
creep-fed:** 
B-H = 28.6 
non-creep:** 
B-H = 30.2 
Pahnish (1964) HF Ariz. M-F = 34 
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Table 1 (Continued) 
Authors and 
year published Breed 
Weaning 
age 
(days) 
Location Results 
(pounds) 
Christian, et al. 
(1965) HF 
Minyard and 
Dinkel (1965) 
Warren, et al. 
(1965) 
Bradley, et al, 
(1966) 
Cundiff, et al. 
(1966a) 
Rovira, et al. 
(1966) 
Harwin, et al. 
(1966) 
Hayden, et al, 
(1967) 
240 
A, HF 203 
A, HF, 213 
G 
HF, cross 
A, HF 205 
A, HF 205 
HF 200 
A, HF 
Wis, 
S,D, 
6a. 
Kent, 
Okla, 
la. 
Highly signifi­
cant sex dif­
ference , twins 
data 
B-H = 34 
B-H =43,7 
S-H = 16,9 
** 
S>H 
** 
B-H = 20,%* 
S-H = 5,2 
B-H =28,8 
** 
** 
Colo. B-H =21 
S.C. significant 
sex difference 
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for male than for female calves in sets of data studied at 
North Platte and Valentine. Minyard and Dinkel (1960) re­
ported similar results in 20 herds of Hereford and Angus 
in South Dakota, and suggested that a multiplicative factor 
of Xg/5^ where 3ïg and 3^ were the mean weaning weights of 
bull and heifer calves, respectively, would adjust for both 
mean difference and variability of sexes, Swiger, et al. 
(1962) obtained multiplicative correction factors of 0,946 
and 0,941 for bull and steer calves for standardizing weaning 
weights to a heifer basis in Hereford cattle, Cundiff, 
et al, (1966b) suggested the multiplicative correction factor 
for adjusting sex difference in weaning weights. They pointed 
out that the advantage of this method over the additive 
adjustment is that it equalized not only mean but also 
variation within each sex. 
Age of dam 
It is generally observed that cows wean heavier calves in 
later calving sequences and reach maximum production during the 
middle of their productive life. The increase in calf weaning 
weight is largely due to increase in milk production as the 
cow grows older and her udder reaches full capacity. Sawyer, 
et al. (1948) studied Hereford cow production at Oregon Agri­
cultural Experiment Station and found that mature cows, 5 to 
8 years of age, weaned calves 75 pounds heavier than two-year 
old cows. Results from the study by Neville (1962) at Georgia 
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Experiment Station indicated that the difference in weight of 
calves was due to the difference in milk production as age of 
the cows advanced. The effects of age of dam, milk production, 
dam weight, sex, year, sire, and birth weight of calf were 
analyzed for 120- and 240-day weights in that study. The 
effect of age of dam was nonsignificant, and cow milk produc­
tion, a highly significant source of variation, accounted for 
a large part of the variation which would otherwise be 
attributable to age of dam. After weaning, the effect of 
age of dam became unimportant since the calf then did not 
have to depend upon the dam for milk or care. Swiger, et al. 
(1963) also reported nonsignificant effects of age of dam on 
post-weaning gains of 1,671 Hereford cattle from Nebraska. 
The effect of age of dam on calf weaning weight is 
generally curvilinear, as pointed out by Swiger (1961). A 
large increase in calf weaning weight has been reported to 
be for calves from cows between 2 to 4 years of age (Peacock, 
et a^., 1960; Drewry, 1964; Rovira, 1966). Cows reached 
their maximum production of calf weaning weight at 6 to 9 
years (Botkin and Whatley, 1953; Rollins and Guilbert, 1954; 
Lasley, et al., 1961; Brinks, et al., 1962; Flower, et al., 
1963; Warren, et al., 1965; and Roger, ^  , 1967). 
Meade, et al. (1963), studying the effect of age of dam 
on calf weaning weight in Angus, Brahman, Devon, and cross-
breds in Florida, found that cows attained maximum production 
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between 6 and 11 years of age. Similarly, Peacock, et al. 
(1960) found in Brahman, Shorthorn, and their crosses that 
cows attained maximum production at 10 to 12 years of age. 
From the data on 13,937 Angus and Hereford calves in the 
Oklahoma Beef Cattle Improvement Program, Cundiff, et al. 
(1966) found that maximum calf weaning weight was produced 
by cows in the age groups from 8 to 12 years. But in most 
studies calf weaning weight declined after 10 years of age. 
This is shown in the review of studies summarized in Table 2. 
Koch and Clark (1955a), in reference to Lush and Shrode 
(1950), called attention to bias in estimating effect of age 
of dam on calf weaning weight by two methods. The bias due 
to selection of cows that wean heavy calves at each age is 
upward for old cows when the average production of all cows 
at each age is compared. On the contrary, comparing con­
secutive records for the same cows yielded a downward bias, 
due to regression of offspring weaning weight toward the 
population mean when selection has been practiced at each age. 
The ratio of bias between the first and second method is 
p/(l-p), where p is a regression of observed producing ability 
on real producing ability, approximately the repeatability of 
adjacent records. A ratio for p/(l-p) of 0.46/0.54 was re­
ported in this same paper. Similarly, Minyard and Dinkel 
(1965) computed the ratio of the two methods as 0.42/0.58. 
Swiger, et al. (1962) also called attention to the bias in the 
Table 2, Additive adjusting factors for the effect of age of 
dam on calf weaning weight 
Authors and 
year published Location 
Age of dam 
3 4 5 6" 8 
Botkin and Whatley 
(1953) Okla. 
Rollins and Guilbert 
(1954) Cal. 
26 
18 
18 
11 
35 
11 
5 
15 
6 
0 -
0 
0 
Evans, et al, 
(1955) 111. 106 54 20 «• 
Koch and Clark 
(1955a) Mont, 
46 
35 
21 
13 
8 
4 
0 
0 
8 
5 
2 
11 
Rollins and 50 32 17 7 1 0 
Wagnon (1956) Cal, 48 29 14 4 0 0 
Brown (1958) Ark, 86 94 
79 
45 
51 
40 
38 
35 
36 
28 
27 
51 
0 
28 
Reynolds, et al. 
(1958) 67 35 15 - 0-
Brown (1960) Ark, 53 56 
34 
61 
23 
40 
9 
13 
17 
26 
11 
0 
45 
47 
0 
73 45 33 31 9 0 9 34 
74 48 31 32 0 11 6 26 
Hamann, et al, 
(1960) Kan, 96 54 33 28 
Minyard and Dinkel 
(1960) S.D, 69 33 21 13 4 
(1960) Fia, 70 36 - 13 • ^11 
Frigerio (1961) la. 27 49 31 14 11 4 1 
Swiger (1961) Ohio 103 42 58 -10-
Swiger, et al. 37 30 4 7 3 0 11 
(1962) Nebr, 70 47 25 14 6 8 0 
Thatcher (1962) Saskat- 73 28 12 4 13 1 8 
chewan 
13 
10 11 12 13 14 Remarks 
4 8 14 19 male, by calving 
7 13 21 31 
14 43 
sequence 
female, by calving seq. 
7 15 method A 
19 35 method B 
3 11 supplemented 
6 17 non-supplemented 
36 16 Hereford 
0 42 Angus 
23 24 38 41 
0 > 19 
3 13 > Lincoln data 
6 22 ^ Fort Robinson data 
2 0 5 14 20 -33 
Table 2 (Continued) 
Authors and 
year published Location 
"Age of dam 
1 2 3 4 5 6 7 8  
Flower, ^  al. 
(1963) Mont. 
Hamann, et al. 
(1963) Kan, 
Meade, Jr., 
et al. (1963) Fia. 
Sewell, et al, 
(1963a) Mo, 
Shelby, et al. 
(1963) Mont. 
Drewry (1964) la. 
Minyard and 
Dinkel (1965) S.D. 
Warren, et al. 
(1965) Ga. 
Cundiff, et al. 
(1966) Okla. 
Rovira (1966) la. 
Harwin, et al. 
(1966) Colo. 
71 43 18 11 7 5 10 
96 54 33 28 9 5 0 — 
46 26 7 12 < 
83 71 65 46 20 
33 16 <— -0 
53 18 5 4 0 8 8 
80 45 30 21 4 3 0 
54 17 8 2 3 4 0 
17 1.12 1,07 1.04 1.03 1.02 1.00 
38 22 10 8 1 2 0 
37 29 17 10 7 7 4 
22 14 8 6 5 2 3 
38 24 3 0 4 18 
31 17 12 - 4 - > 
15 
9 To ïî 12 Î3 IT Remarks 
11 
14 9 22 61 34 
—» 7-
«— 4 - » 44 — > 
8 16 24 38 41 method A 
10 32 method B 
1.00 1.01 1.01 1.03 multiplicative 
0 3 4 6 3 8 bull 
4 10 6 0 6 14 steer 
2 1 0 4 5 1 heifer 
38 13 
12 
16 
first method due to selection. No estimate of absolute bias 
was reported in any of the papers reviewed because of the 
difficulty of estimating p in data where selection is 
practiced. 
Age of calf 
It is generally very time-consuming and impractical to 
wean beef calves at a constant age, since the range in birth 
dates may be very large. It is therefore not impossible to 
find that weaning age may vary from 100 to 300 days. Weaning 
date and age also vary from one location to the other, de­
pending on various factors such as climate, nutrition, and 
management. The age of calf at weaning hence may be an im­
portant factor, responsible for considerable variation in 
calf weaning weight, Knapp, et a2. (1942) found a highly 
significant correlation of 0.50 between weaning age and 
weaning weight of Hereford cattle. 
The influence of age of calf has been examined frequently 
by assuming linear growth with age. Dunn (1957) found growth 
of Hereford, Angus, and Shorthorn calves between 150 and 230 
days to be nearly linear. He reported the increments of growth 
of 1.65 and 1.70 pounds per day for Iowa calves at Ankeny and 
Beaconsfield, respectively. Johnson and Dinkel (1951) found 
linear growth of range Hereford calves in South Dakota between 
the ages of 155 and 255 days to be 0.84 pound per day. Growth 
rate was also linear from birth to 154 days, but the gain of 
17 
1,85 pounds per day was much greater in this earlier period. 
For most studies summarized in Table 3, the average age 
at weaning was between 180 and 240 days. Roger and Knox 
(1945a and 1945b) found regression coefficients of weaning 
weight on age of 1.21 and 1,33 pounds per day for Hereford 
cattle where the average weaning age was 205 days. Sawyer, 
et al. (1948) and Botkin and Whatley (1953) found similar 
daily increases in weaning weight of 1.28 and 1.46 pounds, 
respectively, in Hereford cattle with a 210-day average 
weaning age, 
Harwin, et al, (1966) found that the daily increment of 
growth in Hereford calves was 2,13 pounds when calves were 
weaned at 200 days. Other authors who reported the value to 
be slightly larger than 2,0 pounds per day were Koch (1951), 
Warren et (1965) , and Swiger, (1961) , 
Many reports gave smaller estimates of regression of 
weaning weight on age than those mentioned above (Johnson 
and Dinkel, 1951; Pizarro, 1962), 
Warren, et a^, (1965) analyzed weaning weight in Angus, 
Hereford, and Santa Gertrudis to find a highly significant 
quadratic effect of age. The quadratic regression was -0,0024 
pounds per day. 
Farm and year of birth 
Calf weaning weights are influenced importantly by 
methods of feeding and management and climatic conditions. 
Table 3. Effect of age of calf upon weaning weight 
Authors and years 
published 
Average 
weaning 
age (days) 
Breed a Location 
Regression of 
weight on age 
(pounds/day) 
Remarks 
Roger and Knox (1945a) 205 H New Mex, 1.21 
Koger and Knox (1945b) 205 H New Mex. 1.33 
Sawyer, et (1948) 210 H Ore. 1.28 
Gregory, et (1950) 200 H Nebr. 1.42 North Platte 
150 H Il 2.33 Valentine 
Johnson and Dinkel (1951) 183 H S.D. 0.84 
Koch (1951) 176 H Mont. 2.27 
Botkin and Whatley (1953) 210 H Okla. 1.46 
Burgess, et (1954) H Colo. 1.67 
Evans, et (1955) 210 H 111. 0.91 purebred herd 
1.08 grade herd 
Hitchcock, et c^., (1955) 225 H Ore. 1.20 male 
1.10 female 
Peacock, et (1956) 180 B,H, S Fia. ' 1.50 
Dunn (1957) 150-230 A,H, s la. 1.65 Ankeny 
1.70 Beaconsfield 
Hamann, et a2. (1960) 238 A Kan. 1.40 
Frigerio (1961) 195 A,H, s la. 1.42 
^A=Angus, H=Hereford, S=Shorthorn, G=Santa Gertrudis, B=Brahman. 
Table 3 (Continued) 
Authors and years 
published 
Average . 
weaning Breed^ 
age (days) 
Regression of 
Location weight on age 
(pounds/day) 
Remarks 
Pahnish, et al. (1961) 230 
Pizarro (1962) 239 
227 
Thatcher (1962) 189 
Hamann, et a^. (1963) 222 
Drewry (1964) 205 
Minyard and Dinkel (1965) 203 
Warren, et al. (1965) 213 
Rovina (1966) 205 
Harwin, et al. (1966) 200 
H Ohio 
A,H,S, Argentina 
(cross) 
A,H,S 
A 
A,H 
Saskat­
chewan 
Kan. 
la. 
A,H S.D. 
AfH,G Ga. 
A,H 
H 
la. 
Colo. 
2 . 0 0  
1.40 
0.98 
0.72 
1.88 
1.42 
1.60 
1.30 
1.20 
2.30 
-0.0024 
1.65 
2.13 
bull 
heifer 
male 
female 
creep-fed 
non creep-fed 
linear regression 
quadratic " 
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such as are likely to vary from farm to farm. The effects 
caused by farm difference were significant in some studies 
(Peacock, et , 1960; Frigerio, 1961; Cundiff, ^  , 1966; 
Rovira, 1966) . The findings, however, can not be generalized 
because of particularity of each set of farm environments 
where the data were collected. Genetic and farm differences 
are usually confounded and many studies are conducted within 
farms or locations. 
Weaning weight is influenced importantly by climatic 
conditions, management practices, precipitation and grazing 
conditions which occur in particular years. The year effect 
is, therefore, random in occurrence. Brown (1960) found that 
year effects accounted for 6 to 8 percent of the total varia­
tion. Many studies (Burgess, et ^ ., 1954; Peacock, et al., 
1960; Pahnish, et al., 1961; Flower, et , 1963; Meade, 
et , 1963; Warren, et ^., 1965; Rovira, 1966; Harwin, 
et al,, 1966; Hayden, et al^,, 1967) had reported significant 
year effects on beef calf weaning weights. 
Breed 
Frigerio (1961) analyzed weaning data from four experi­
mental farms of Iowa State University consisting of Angus, 
Hereford, Shorthorn, and crossbred calves. He found that 
Angus calves were heavier than Hereford calves and crossbred 
calves were heaviest. The least squares constants obtained 
were 6.2,-17.0, -1.6, and 12.4 pounds, respectively. 
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Drewry (1964), using creep and non-creep records from a 
similar source, obtained similar results for Angus and 
Hereford calves. The least squares estimates for Angus and 
Hereford were 14 and -14 pounds, respectively. Rovira (1966), 
however, reported a nonsignificant difference between Angus 
and Hereford when he studied later data from three of the 
four experimental farms mentioned above. The least squares 
estimates computed were -2.5 and 2.5 for Hereford and Angus, 
respectively. 
Lehmann, et al. (1961) reported significant breed 
differences in calf weaning weight for Angus, Hereford and 
Shorthorn calves. Angus calves were heavier than Hereford?, 
while Shorthorn was the lightest. Cundiff, ^  (1966) 
reported that Angus calves were heavier than Herefords at 
weaning. The least square estimates for Hereford and Angus 
of -1.1 and 1.1 were highly significantly different. Warren, 
et al. (1965), however, reported Hereford to be heavier than 
Angus at weaning. 
Factors Affecting Cow Mature Weight 
Relatively few studies concerning cow mature weight have 
been conducted. Brinks, et al. (1962) investigated cow mature 
weight in Hereford range cattle from the United States Range 
Livestock Experiment Station at Miles City, Montana; they 
examined the growth pattern of cows from 3 to 10 years of age 
22 
and found that cows continued to increase in weight until 8 
years of age, and then declined slightly. Marlowe (1962) 
reported, from the study with Virginia Beef Cattle Improvement 
Association records, that age of cow would account for a 
significant portion of 14 to 21 percent in total variation 
of weight of cows ranging from 2 to 7 years of age in Angus 
and Hereford breeds. Cows reached maximum weight at 6 years 
of age. Difference due to flesh conditions of cows was the 
major source of variation, being responsible for 15 to 23 
percent of the total variation. Effect of nursing status 
and/or seasons of year had very little influence on cow 
mature weight when solved simultaneously with flesh condition, 
but was a highly significant influence when flesh condition 
was ignored. Breed difference was an important source of 
variation, mature Hereford cows being heavier than Angus 
cows. 
Brown and Franks (1964), studying size of young beef 
cows in 73 and 65 daughter-dam pairs of Hereford and Angus 
at the Arkansas Agricultural Experiment Station, calculated 
average cow weights at 3 years of age for the two breeds as 
follows : 
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Hereford: Number Average weight 
Daughter 73 799 
Dam 73 799 
Angus ; 
Daughter 65 795 
Dcim 65 802 
They also examined the influence of reproductive status, the 
average mature weights being as follows: 
^ . Dry Wet 
Daughter : —^ 
Number 77 61 
Average weight 799 699 
Dam: 
Number 67 71 
Average weight 799 701 
The pattern of weight changes according to various ages from 
31 to 42 months was also reported. 
Fitzhugh, et al. (1967), analyzing cow weights from 10 
different herds in several states, detected significant 
effects of age on cow weights taken after parturition (PW) 
and at weaning time of calf (WW) in all analyses except two. 
The difference due to calving status was also examined, non-
parous cows averaging heavier for both PW and WW than parous 
cows. Hereford cows consistently exceeded Angus cows in both 
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PW and WW. Relationships between calving month and cow 
weight, and between year and cow weight, were reported to 
vary across locations. 
Repeatability 
Weaning weight 
Weaning weights of calves produced by the same cow may 
be thought of as repeated records of cow's performance, even 
though they are expressed in her offspring. Weaning weight 
reflects the direct effect of genes for growth transmitted 
by parents as well as the maternal ability which the dam 
imposes upon the calf in the form of prenatal environment, 
milk supply, maternal care, etc., during the preweaning 
period. The similarity of weaning weights of the calves 
produced by the same cow, therefore, is the repeatability of 
cow producing ability. Koch (1951) interpreted repeatability 
of weaning weights as being an upper limit of the heritability 
of maternal influence. 
Roger and Knox (1947) estimated the repeatability of 
weaning weight as 0.51 from records of 73 Hereford cows. 
The correlation between cow's first with second calf weaning 
weight was 0.66. They also pointed out that the repeatability 
of calf weaning weight could reflect consistency of milk 
producing ability of cows, Koch (1951) calculated the repeat­
ability of calf weaning weight from the records of 179 
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Hereford cows and obtained the estimate of 0.52 with 95 per­
cent confidence intervals between 0.44 to 0.60. Gifford 
(1953) reported a similar estimate of 0.56 for the repeatabil­
ity of weaning weight while the correlation between calf 
weaning weight at 8 months and dam's milk production was 0.47. 
Rollins and Guilbert (1954), calculating the repeat­
ability of weaning weight from records of 56 Hereford cows, 
found an intraclass correlation of 0.48. Minyard and Dinkel 
(1960) studied weaning weights of 2,351 calves from 120 sires 
and reported the intra-sire correlation of 0.42 for adjacent 
records of weaning weight. Lueker, et (1963) obtained 
the repeatability estimate of 0.45 when computed from records 
of 80 cows of the Hereford and Angus breeds. Drewry (1964) 
analyzed the data of creep and non-creep calf records, the 
repeatabilities for the two feeding regimes being 0.43 and 
0.44, respectively, Minyard and Dinkel (1965) repotted the 
repeatability of weaning weight as 0,42 for Hereford, 0,52 
for Angus, and 0,42 for the combined estimate, Botkin and 
Whatley (1953) estimated the repeatability of 0,43 with a 95 
percent confidence interval between 0,29 and 0,55 from records 
of 150 Hereford cows with an average of 4 calves per cow. 
They also divided cows into a high and a low group based on 
first records of calf weaning weights. The ratio of the 
difference between calf weaning weight of the two groups of 
cows in their second records and in their first records was 
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0.51. The ratio was 0.49 when the difference in later records 
was divided by the difference in the first records. Rollins 
and Wagnon (1956) studied the repeatability of weaning weight 
with records from two groups of cows under supplemented and 
non-supplemented nutritional regimes and obtained the esti­
mates of 0.51 and 0.34, with 97 and 89 degrees of freedom for 
dams, respectively. 
Gregory, ^  (1950) studied weaning records of cattle 
from two stations in Nebraska; the repeatabilities of records 
were as follows; 
DF North Platte Valentine DF 
Second on first record 69 0.496** 0.431** 25 
Third on first record 51 0.347* 
Third on second record 51 0.368** 
They also found negative correlations between cow and calf 
gains, and suggested that cows making the slowest gains used 
more of their nutrients for production of milk than for body 
flesh. Hoover, et a^. (1956) obtained repeatabilities of 0.29 
and 0.32 for 112- and 210-day weaning weights, respectively. 
Regression coefficients of subsequent records on the first 
record were reported as 0.35 and 0.34 for 112- and 210-day 
weaning weight, respectively. Koch and Clark (1955b) estimated 
the value of 0.34 for repeatability in weaning weight from the 
records of 923 Hereford cows. 
27 
Hitchcock, et (1955) calculated repeatabilities within 
sex of calf and obtained estimates of 0.03 and 0.15 for male 
and female, respectively. 
Cow mature weight 
Brinks, et al. (1962) studied mature weight of Hereford 
cows at the United States Range Livestock Experiment Station 
at Miles City, Montana; they computed repeatabilities of cow 
weight as 0.76 and 0.84 for spring weight and fall weight, 
respectively. Fitzhugh, et al. (1967) studied repeatabilities 
of cow weights after parturition and at weaning in 10 
different herds with the following results. 
Weight after Weight at 
parturition weaning 
Alabama 0.77+.08 0.78+.09 
Florida 0.45+.12 0.55+.29 
Georgia 0.57+.13 0.80+.10 
Louisiana 0.49+.10 0.76+.09 
N.C.-ll - 0.76+.10 
N.C.-2 0.70+.19 0.64+.13 
S.C.-l 0.79+.16 0.79+.12 
S.C.-2 - 0.86+.28 
S.C.-3 - 0.88+.18 
Texas 0.56+.08 -
Lueker, et (1963) estimated the repeatability 
for cows weights of Hereford and Aggus cattle from the 
sity of Arkansas Experimental Station herd. 
of 0.49 
Univer-
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Heritability 
The heritability estimate of a particular trait is deter­
mined by various factors, such as the genetic nature of a 
population, the accuracy of data adjustment for environmental 
variations, and the methods of estimation. 
The estimate of heritability of weaning weight reported 
in most studies was between 20 and 50 percent. The method of 
paternal half-sib correlation was more frequently employed in 
estimating the heritability of weaning weight. Knapp and 
Clark (1950) and Koch and Clark (1955b) obtained heritabilities 
of 28 and 24 percent, respectively, for weaning weight. Other 
authors (Shelby, et a^., 1955; Brown, 1958; Lehmann, et al., 
1961; Pahnish, et , 1961; Swiger, 1961 and Shelby, et al., 
1963) obtained the heritability estimates of weaning weight 
between 21 to 28 percent. 
Some authors, however, reported higher estimates of 
heritability of weaning weight. Lindholm and Stonaker (1957) 
obtained the heritability estimate of 81 percent for weaning 
weight of calves from 19 sires. Thatcher (1962) estimated the 
heritability of 71 percent for weaning weight. On the contrary. 
Carter (1956) and Pahnish, ^  al. (1964) reported smaller 
estimates of 8 and 5 percent, respectively, for weaning weight 
of steer calves. Rollins and Wagnon (1956) obtained the 
heritability estimate of 9 percent for calf weaning weight in 
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the supplemented herd. From the same study, however, the 
heritability was 54 percent in the non-supplemented group. 
The method of maternal half-sib correlation would yield 
an overestimate of the heritability, since variability due to 
maternal effect would be incorporated into the estimate of 
genetic component. Brown (1958) obtained heritability esti­
mates of 52 and 110 percent in Hereford and Angus, respective­
ly, from maternal half-sib components. 
Another method used for estimating the heritability of 
weaning weight is the intra-sire regression of offspring on 
dam. The estimate would include a small portion of an up­
ward bias due to maternal influence contributed by maternal 
grandam. Koch and Clark {1955b) obtained the estimate of 
11 percent for the heritability of weaning weight of Hereford 
calves. Brown (1958) reported an estimate of 4 percent for 
the heritability, Sewell, e^ a^, (1963a) obtained 8 percent 
for the heritability estimate of calf weaning weight when 
computed from within sire-group regression. Christian, 
et al. (1965) studied with Hereford identical twins and esti­
mated 14 percent as the heritability of weaning weight. 
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Table 4. Heritability of weaning weight 
Authors and year 
published Breed Estimate Method Remarks 
Knapp and Nordskog 
(1946) 
Gregory, et al, 
(1950) 
Knapp and Clark 
(1950) 
Koch and Clark 
(1955b) 
Koch and Clark 
(1955c) 
Shelby, et al. 
(1955) 
Carter (1956) 
Rollins and Wagnon 
(1956) 
H 
H 
H 
H 
H 
H 
H 
H 
Lindholm and Stonaker 
(1957) 
Brown (1958) 
H 
H 
A 
A,H 
12 
0 
30 
26" 
52 
2 8  
24 
25 
11 
23 
8 
74 
9 
84 
54 
-13 
81 
26 
52 
11 
110 
4 
55 
PHS 
ROS 
ROS 
PHS 
PHS 
PHS 
PHS 
ROS 
ROD 
PHS 
PHS 
PHS 
PHS 
ROD 
PHS 
ROD 
PHS 
PHS 
MHS 
PHS 
MHS 
ROD 
ROD 
within sire group 
North Platte data 
Valentine data 
S.E.=11 
S,E.=5 
male 
female 
supplemented group 
S.E.=23 
non-supplemented 
group 
S.E.=24 
S.E.=19 
on offspring aver­
age 
A=Angus, H=Hereford, S=Shorthorn. 
PHS=paternal half-sib, ROS=regression of offspring on sire, 
ROD=regression of offspring on dam, MHS=maternal half-sib, 
FS=fu^l sib. 
S.E.=standard error, C.I.=95 percent confidence interval. 
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Table 4 (Continued) 
Authors and year 
published Breed 
b c 
Estimate Method Remarks 
Wagnon and Rollins H 
(1959) 
Hamann, et al. 
(1960) 
Minyard and Dinkel 
(1960) 
Lehmann, et al. 
(1961) 
Pahnish, et al. 
(1961) 
Swiger (1961) 
Swiger, et al. 
(1962) 
Thatcher (1962) 
Hamann, et al. 
(1963) 
Sewell, et al. 
(1963a) 
Shelby, et al. 
(1963) 
Swiger, et al. 
(1963) 
Wilson, et al. 
(1963) 
Brinks, et al. 
(1964) 
A,H 
A,H,S 
H 
H 
H 
A,H,S 
H 
H 
H 
H 
H 
42 
57 
57 
32 
21 
28,57 
25 
0 , 2 0  
71 
47 
49 
8 
18 
24 
47 
42 
- 6  
28 
38 
43 
PHS supplemented 
group 
PHS non-supplemented 
group 
PHS 
PHS C.I.=21 to 47 
PHS S.E.=3 
PHS maie, female 
PHS S.E.=11 
PHS 
PHS 
PHS 
FS 
ROD 
PHS 
PHS 
PHS 
PHS 
PHS 
PHS 
Lincoln, Fort 
Robinson 
bull 
heifer 
steer 
all 
PHS S.E.=19 
PHS S.E.=6 
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Table 4 (Continued) 
Authors and year 
published Breed^ Estimate 
b c 
Method Remarks 
Brown and Gacula 
(1964) A,H 18 ROS on progeny average 
(120 d.) 28 ROS on individual 
record 
19 ROS weighted 
(235 d.) 15 ROS on progeny average 
27 ROS on individual 
record 
27 ROS weighted 
Pahnish, et al. 
(1964) H 23,5 PHS male, female; 
S.E.=13 
10 PHS combined sex, 
S*E«—8 
Christian, et al, 
(1965) H 14 ROD twins data 
Minyard and Dinkel 
(1965) H 33 PHS S.E.=8 
A 32 PHS S.E.=13 
A,H 32 PHS S.E.=4 
Swiger, et al. 
(1965) A,H,S 58 PHS S.E.=21 
Relationship of Cow Weight to 
Offspring Weaning Weight 
The linear relationship between cow weight and calf 
weaning weight had been observed to be small but positive in 
some studies in the past. Woodward, et al. (1942) studied 
Hereford cows of large and small types fed under full-
add limited-feeding regimes and reported that large-type cows 
were significantly heavier in fall weight and weaned heavier 
33 
calves, regardless of feeding methods. Calves from large cows 
in a limited-feed group were significantly heavier than calves 
from small cows in a full-feed group, Knapp, et a2. (1942) 
reported a small but positive correlation coefficient between 
cow mature weight and calf weaning weight, Koch and Clark 
(1955c) investigated the relationship between cow yearling 
weight and calf weaning weight, and reported the correlation 
coefficient of 0,12, Rollins and Wagnon (1956) reported 
genetic correlations of 0,48 and 0,18 between cow weight at 
27 months of age and calf weaning weight under supplemented 
and non-supplemented feeding regimes, respectively, Marchello, 
et al, (1960) reported a correlation coefficient of 0,24 for 
the relationship between cow weight at 18 months of age and 
weaning weight of the first calf. Brinks, et al. (1962) 
examined the relationships of fall as well as spring cow 
weights with calf 180-day weaning weight and gain, with the 
following results. 
Calf 
Cow weight 
180-day 
gain 
Weaning 
weight 
Previous fall weight (PPW) 0,08 0,12 
0,21 
0,09 
0,14 
-0,17 
Spring weight (SW) 
Fall weight (FN) 
(SW - PFW) 
(PW - SW) 
0,16 
0.05 
0,17 
-0,22 
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The correlation coefficients of calf 180-day gain and weight 
with cow weights were generally low. Cow weight gain, 
(FW - SW), during the preweaning period of calf was negatively 
correlated with calf 180-day gain and weight, in agreement 
with Gregory, et al. (1950) who obtained correlations of -0.12 
and -0.34 between calf gains and cow gains from birth to 
weaning of calf at two stations in Nebraska, England, et al. 
(1961) obtained a slightly negative correlation of -0.10 
between change in cow weight and calf gain during the suckling 
period. 
Marlowe (1962), calculating an intra-sire correlation 
between dam mature weight and offspring weaning weight, re­
ported the correlation coefficients of 0.23, 0.20, and 0.28 
for Angus, Hereford, and large Angus herds, respectively. The 
corresponding regression coefficients were 0.016, 0.052, and 
0.071 pounds of calf gain per day for each 100 pounds change 
in mature weight of dam. The correlations between sire mature 
weight and offspring weaning weight were also obtained as 0.22 
and 0.30, respectively, for Angus and Hereford, with the 
corresponding regressions of 0.028 and 0.041 pound of calf 
gain per day per 100 pounds change in weight of sire. 
Tanner, et al. (1965) found that 12 percent of the variation 
in calf weight was associated with cow weight. The correlation 
coefficient between cow weight and calf weaning weight was 0.34 
and the corresponding regression was 4.9 pounds of calf weaning 
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weight per 100 pounds of cow weight, Neville, (1962) calcu­
lated a regression of 0,07 pound for calf weaning weight on 
dam weight, 
Lindholm and Stonaker (1957) reported a correlation of 
-0.01 between calf weaning weight and 18-month weight of dam. 
Melton, et al, (1967) found either very low or negative 
correlations between cow size and calf gain and weight. 
Thorough examination of curvilinearity of relationship 
of cow weight with calf weaning weight has not been conducted. 
Nelson and Cartwright (1967) found that calves with most 
rapid gain were produced by dams of medium weight, both in 
Angus and Hereford. The correlation between dam weight and 
preweaning average daily gain of calf was more curvilinear 
in the Hereford breed. 
36 
SOURCE OF DATA 
The data for this study were the records of cow production 
available from three experimental farms of Iowa State Univer­
sity at Albia, Ankeny, and Chariton, The cows were born from 
1947 to 1964. The calf weaning weight records were from 
calves born during 1951 through 1965, inclusive. Table 5 
gives the number of calves within each farm under various 
classifications. 
Table 5. Number of calves within each farm by sex, breed. 
Classifications 
Albia 
Farms 
Ankeny Chariton Total 
Sex: 
Male 262 460 384 1106 
Female 330 434 348 1112 
Breed: 
Angus - 483 245 728 
Hereford 592 357_ 453. 1402 
Others — 54® 34^ 88 
Age of dam: 
2 80 158 134 372 
3 93 155 133 381 
4 94 137 118 349 
5 84 123 87 294 
6 60 99 73 232 
7 54 76 55 185 
8 45 60 39 144 
9 36 30 33 99 
10 20 26 17 63 
11 12 16 13 41 
12 7 7 11 25 
Shorthorn. 
Brown Swiss-Hereford and Charolais-Hereford crosses. 
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Table 5 (Continued) 
Classifications Farms Albia Ankeny Chariton Total 
13 3 3 8 14 
14 2 2 6 10 
1 5  1 1 3  5  
1 6  1 1 2  4  
Year of birth: 
1951 - - 4 4 
1952 - - 5 5 
1953 - - 5 5 
1954 - - 8 8 
1955 10 - 12 22 
1956 16 18 13 47 
1957 19 11 - 30 
1958 36 36 18 90 
1959 45 64 43 152 
1960 66 71 50 187 
1961 72 98 86 256 
1962 74 120 122 316 
1963 82 162 120 364 
1964 90 149 117 356 
1965 82 165 129 376 
The number of cows whose weaning weights were recorded 
is given in Table 6 for each breed and farm. 
Table 6, Number of cows in each breed and farm for weaning 
weight 
Breed Farm 
Angus Hereford Others Albia Ankeny Chariton Total 
180 368 54 135 223 244 602 
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The breeding season for cattle at the farms is from the 
middle of June until early September, However, most cows calved 
during spring, predominantly in April and May. Most calvings 
occurred on pasture except when the weather conditions were 
severe. The calves were allowed to run with their dams in 
pasture. They were creep-fed from 100 days of age until 
weaning about November 1. The average age at weaning was 
201 + 27 days, after being creep-fed for about 100 days. 
Beginning in November, 1961, until June, 1965, cow mature 
weights were recorded, once in late November and again in 
late May. Thus, cow weights were recorded in eight periods. 
November or fall weights were mostly from cows nursing calves, 
but many were dry since the weaning date was not the same 
for all farms. Cow weights recorded in May or spring weights 
were mainly from cows in pre- and post-partum conditions, 
however, some were open. The number of cows for each age 
class is given in Table 7. 
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Table 7. Number of cows in each age class for mature weights 
, Fall weight Spring weight 
1 2 3 4 1 2 3 4 
1 80 83 99 95 82 98 96 91 
2 55 81 87 94 78 88 98 92 
3 95 74 75 76 74 77 78 80 
4 33 69 65 68 72 67 69 63 
5 42 36 64 57 35 66 59 58 
6 37 39 32 59 38 32 61 52 
7 25 30 33 27 29 37 27 52 
8 27 25 24 29 26 26 31 25 
9 8 25 14 19 27 20 18 27 
10 9 9 17 11 9 21 12 15 
11 4 8 6 10 8 7 13 8 
12 3 3 6 3 4 6 4 13 
13 6 1 8 3 8 10 3 -
14 3 5 — 
Total 
number 427 488 530 551 490 555 569 576 
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ANALYSIS OF DATA AND RESULTS 
Environmental Analysis 
The sources which cause variability in the data may be 
statistically classified as sets of fixed effects or sets of 
random effects. Occasionally, the classification of factors 
may seem arbitrary, since a factor may be regarded as fixed 
in one study but random in another. The purpose, however, 
is to avoid impossible complications and to be able to employ 
suitable statistical techniques. For data such as were used 
in this study, the fixed factors which introduce variability 
into the records of cattle weights are differences between 
farms, year of birth, sex, age of dam, breed and age at 
weaning. Other factors such as sires and dams may be regarded 
as random effects, since they are conceptually drawn at 
random from a normally distributed population. 
Statistically, the data can be analyzed within a level of 
any classification in order to eliminate the effects caused by 
that factor. For example, the analysis could be computed 
within each breed, so the variation due to breed is left 
unanalyzed and conclusions are drawn within the level of the 
factor. The "within level" analysis is also used when one 
factor is partially or completely confounded with another 
factor in such a way that some or all of the levels of a 
factor are missing in some levels of another factor. 
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The quantitative effects for each source of environmental 
variation can be estimated statistically, and these estimates 
used as adjustments for those sources. Due to unequal sub­
class frequencies and partial confounding of effects in the 
present set of data, the method of least squares analysis as 
described by Kempthorne (1952), Henderson (1953), and Harvey 
(1960) was used to analyze the data. 
Table 8 shows the unadjusted means and standard devia­
tions of weaning weight and average age at weaning of calves 
on each farm. In Table 9, means and standard deviations of 
the four spring and fall cow weights are presented, including 
the average age when the weights were taken. 
Table 8. Means and standard deviations of calf weaning 
weights and ages on three farms 
Albia Ankeny Chariton Total 
Number of calves 592 894 732 2218 
Average weaning weight 405. 9 397. 4 362. 4 388. 3 
Standard deviation (weight) 76. 2 78. 3 75. 5 78. 9 
Average age at weaning 203. 6 200. 3 200. 2 201. 2 
Standard deviation (age) 23. 0 28. 3 28. 3 27. 6 
The fixed effects included in the analysis of calf 
weaning weight were farm, breed, age of dam, sex of calf, year 
of birth, and age at weaning. The "within analysis" for each 
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Table 9. Means and standard deviations of cow unadjusted 
weights 
Trait Number of 
cows 
Mean Standard 
deviation 
Average 
age 
Weaning weight^ 602 424.0 51.3 205^ 
Yearling weight 438 623.7 71.9 -
Fall weight 
First 427 971.6 177.6 4.17 
Second 488 944.1 180.1 4.25 
Third 530 939.2 175.0 4.09 
Fourth 551 964.5 167.9 4.17 
Spring weight 
First 490 875.1 201.3 4.20 
Second 555 869.2 202.8 4.20 
Third 569 878.5 197.9 4.22 
Fourth 576 871.0 171.9 4.28 
height adjusted to 205-day weaning age. 
^Days, 
farm and each breed was also computed. Cow weaning weight 
had been recorded as adjusted weight for age at 205 days and 
was analyzed with effects of farm-breed, combination and year 
of birth included as fixed factors. For mature weight of cows 
from eight weighings, effects of farm-breed combination, age 
at time of weighing, and calving status were analyzed. Each 
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set of data was then adjusted for known environmental sources 
which could be identified in the records. The corrected 
data were analyzed to estimate variance components from which 
genetic parameters could be estimated. 
The principle of least squares assumes that linear 
functional relationships exist between causal factors and 
the dependent variable. The formulated linear equation 
consists of terms to represent effects which, with 
a priori knowledge of relationship, can be expected to 
account for a considerable part of the total variation, 
and a term to include "unexplainable" variation which is 
generally called "error" term. The least squares analysis 
is to estimate effects in the equation with minimum sum of 
squares for error. Symbolically, an additive "model" of 
a dependent variable, Y^, is written as 
Yi = + bgXgi + ... + 
or in short, 
° bjX.i + e. 
The Xjis an independent variable, which may be either 
continuous or discontinuous; the b^'s are partial regression 
coefficients. The e^'s are error terms; they are random 
variables assumed to have an average value of zero and a common 
2 
variance, a . It is necessary to assume normal distribution 
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of errors if tests of significance and confidence intervals 
of the estimate of the b^'s are to be made. The least 
squares estimates are obtained such that 
r , r n , 
Z ef = Z (Y. - Z b.X,.)^ 
i=l ^ i=l ^ j=l ] 
is minimum. The computational procedures and statistical 
properties of least squares estimates have been outlined 
and discussed by Kempthorne (1952) and Harvey (1960). 
Calf weaning weight 
The linear model used to describe calf weaning weight 
from all farms and breeds was as follows; 
= % + fi + Cj + 9k + - X) 
where 
^ijklm ~ weaning weight observed in m^^ calf of 1^^ sex, 
age of dam, year of birth, i^^ farm-breed combination, 
li = the overall mean or effect common to all individuals 
in the population 
f^ = the effect of the i^^ farm-breed combination 
Cj = the effect of the year of birth 
g^ = the effect of the k^^.age of dam 
b^ = the effect of the 1^^ sex of calf 
a = the partial regression of weight on age of calf in 
days at weaning 
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^ijklm ~ of calf in days at weaning for the corres­
ponding weaning weight, 
X = the arithmetic mean of the jyim 
®ijklm ~ the random error associated with a particular 
observation. 
In practice, it is more convenient to work with the values 
of Bather than the deviations, " X) . This can 
be achieved by using the relation, 0 = 0 -  â x ,  where the 
symbol ^ signifies an estimate of the indicated parameter. 
The effects of farms and breeds were measured as farm-
breed combinations because Angus cattle were raised on only 
two of the three experimental farms. Fitting for fazrm-
breed combinations simultaneously accounted for variation due 
to farm, breed, and farm by breed interaction. The year 
effect, reflecting variation in rainfall, temperature^ level 
of management, etc., had direct and indirect influence on 
calf weaning weight, as has been evident in most studies in 
the past. The effect of age of dam is mainly due to differ­
ences in milking ability and maternal care of cows as age 
advances. 
Interactions were not included in the model, since they 
were assumed to have no significant effect on the trait. It is 
important to acquire a priori information on the validity of 
this assumption, for nonconformity could yield biased estimates 
of the constants. The bias might be serious if estimtes were 
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to be widely used as correction factors. Little information 
concerning interactions among various factors is available 
from other studies because the accurate study of inter­
actions requires solving many large sets of simultaneous 
equations. 
Approximate studies of some interactions have been made; 
results were generally inconsistent and inconclusive. The 
effect of interaction between sex and age of dam was found 
nonsignificant by Swiger (1961), Minyard and Dinkel (1965), 
and Cundiff, ^  (1966). However, Harwin, et (1966) 
reported the interaction was significant at the 5 percent level 
of probability. Sex by year interaction was reported highly 
significant by Pahnish, et (1961) and Meade, e;t al. 
(1963), but nonsignificant by Harwin, et a2. (1966). The 
interactions of sex by age of dam and of sex by year of birth 
were nonsignificant in the present data when these two 
factors were included in the statistical analysis with factors 
mentioned earlier. 
The interaction between age of dam and year of birth has 
not been examined in great detail in earlier studies because 
this requires the solution of a number of simultaneous equa­
tions too large for the usual computational facilities. 
Swiger (1961) reported a significant effect of age of dam by 
year interaction in weaning weight. Since years represent 
random environments occurring at a particular time and place, 
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inferences can only apply directly to that particular set of 
data. This interaction was not examined, but was assumed 
nonsignificant in this study. Sex by farm-breed can be 
clearly observed as a nonsignificant effect since the dif­
ference between the means of both sexes remained approximately 
the same in trend and magnitude from breed to breed and from 
farm to farm. This is evident in the least squares constants 
for sexes within farm and within breed shown in Table 11. 
The three-factor interactions are not likely to be significant 
where the two-factor interactions are not evident in the data. 
The data were also analyzed within farm and within breed 
in order to avoid confounding between farm and breed effects. 
The model for the within breed analysis contained every other 
factor in the general model except that the farm factor was 
substituted for the farm-breed combination. The model for 
the within farm analysis substituted breed for the farm-
breed combination. The least squares estimates in each model 
were computed according to the detailed procedures outlined 
by Harvey (1960). The model can be written in matrix form as 
y = XB + e 
The set of normal equations to be solved for the least squares 
estimates is 
(X'X)B = X'Y 
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where 
(X'X) = the variance-covariance matrix 
B = the column vector of parameters 
X'Y = the column vector of the right hand sides of normal 
equations. The necessary restrictions are imposed, the 
(X'X) matrix is reduced and inverted, and X'Y is reduced 
accordingly; the estimates of constants can then be obtained 
from the following relation; 
B = CR 
where 
C = the inverse of the reduced variance-covariance matrix 
R = the reduced column vector of the right hand members. 
The standard error for an estimate of a least squares constant 
is calculated as ^ 
S.E. (6^) = 
where 
2 
c^^ is a diagonal element of the C matrix and a is the 
error variance. 
The least squares estimates and their standard errors 
obtained from the analysis of calf weaning weight are shown in 
Table 10. 
The sum of squares due to fitting a given set of constants 
was obtained as b'z"^b where b' is a row vector of the estimates 
for the set of constants, Z~^ is the inverse of a segment of the 
inverse of the variance-covariance matrix corresponding, by row 
Table 10. Estimates and standard errors of fixed factors affecting calf weaning 
weight 
Estimates 
a 
U 
Overall Within farm analysis Within breed analysis 
analysis Albia Ankeny Chariton Angus Hereford 
77.7+9.9 35.2+22.2 70.0+15.1 102.4+16.7 91.7+14.6 43.0+13.7 
405.9 8.0 407.3 11.8 407.0 9.1 402.2 6.6 378.7 4.7 397.4 3.8 
Farm-breeds 
Albia-Hereford 10.8+2.7 
Ankeny-Angus 8.0 2.8 
Ankeny-Hereford 2.8 3.1 
Ankeny-Shorthorn -1.1 8.3 
Chariton-Angus -26.6 3.5 
Chariton-Hereford -34.6 2.9 
Chariton-Crossbred 40.7 8.3 
5.1+ 3.1 
-0.5 3.2 
-4.6 5.0 
17.6+ 2.0 
—16.2+ 4.2 —17.6+ 2.0 
-28.3 4.0 
44.5 6.9 
17.7+ 2.1 
10.2+ 2.3 
-27.9+ 2.2 
Sex 
Male 
Female 
15.3+1.1 16.0+ 2.3 17.4+ 1.8 13.9+ 1.9 18.3+ 1.9 14.1+ 1.5 
-15.3 1.1 -16.0 2.3 -17.4 1.8 -13.9 1.9 -18.3 1.9 -14.1 1.5 
Table 10 (Continued) 
. Overall Within farm analysis Within breed analysis 
mates analysis Albia Ankeny Chariton Angus Hereford 
Age of dam 
2 -49.2+ 4.1 -48.8+ 8.9 -58.8+ 7.5 -49.4+ 6.2 —46.9+ 6.1 —48.7+ 6.3 
3 -21.4 4.0 -8.8 8.5 -39.5 7.5 -23.7 6.1 -18.5 6.1 -20.4 6.2 
4 -5.8 4.0 -8.4 8.4 -11.2 7.6 -5.8 6.2 -2.1 6.2 -4.9 6.2 
5 11.5 4.2 11.9 8,6 -1.1 7.7 15.9 6.8 6.1 6.3 16.4 6.8 
6 17.6 4.5 10.4 9.4 7.8 8.0 16.4 7.2 15.4 6.8 18.2 6.8 
7 9.8 4.8 16.9 9.5 -3.7 8.5 15.2 7.9 15.6 7.4 9.3 7.1 
8 3.6 5.2 -5.3 10.0 -6.2 9.0 14.0 8.9 20.9 8.4 -3.5 7.4 
9 0.7 5.9 -1.0 10.7 0.8 11.0 -5.3 9.5 19.1 9.8 -7.2 8.3 
10 5.4 7.0 14.2 13.2 -15.3 11.5 10.5 12.6 4.7 11.2 6.1 9.6 
11 -11.1 8.4 -10.3 16.0 -25.0 13.9 -1.6 14.2 -4.2 13.7 -12.0 11.2 
12 7.0 10.3 -10.1 20.2 — 8.0 19.6 27.3 15.4 -15.3 16.3 17.9 13.9 
13 3.9 13.3 -29.4 30.0 -19.9 29.1 30.6 17.8 -19.8 27.6 17.4 16.5 
14 -4.5+16.2 -11.8+36.4 9.7+35.3 -10.6+20.5 -12.3+23.9 1.2+21.8 
15 -34.2+22.6 46.6+51.2 7.1+49.6 —67.8+28,6 -35.0+27.6 -29.2+36.9 
16 66.5 23.2 33.9 51.2 159.7 49.6 34.3 35.0 72.3 27.6 39.4 51.2 
Table 10 (Continued) 
Within farm analysis" Within breed analysis' 
Estimates Overall 
analysis Albia Ankeny Chariton' Angus Hereford 
Year of birth 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
-12.6+25.3 
46.0 22.7 
28.7 22.7 
39.0 18.1 
-12.5 11.2 
-5.9 8.0 
-35.5 9.9 
-12.2 6.3 
3.4 5.3 
-13.0 5.1 
-22.8+ 4.7 
-35.5+15.8 
3.7 12.8 
-29.1 11.7 
-5.6 8.9 
35.9 8.0 
5.3 6.8 
17.3+ 6.6 
-33.3+11.5 
-14.8 14.5 
-5.0 8.3 
19.7 6.5 
0.4 6.2 
—5.6+ 5.6 
•12.1+24.6 
38.5 22.0 
17.8 22.2 
35.7 17.6 
7.6 14.5 
40.3 14.1 
0. 4  12.3 
•32.4 8.4 
32.2 8.1 
33.6+ 6.7 
-28.2+15.6 
-42.4 23.0 
-8.9 8.9 
10.4 7.3 
-4.7 7.3 
—2.6+ 6.3 
-16.5+26.2 
45.3 23.5 
32.2 23.6 
37.7 18.8 
11.7 11.6 
0.1 9.3 
-38.7 11.3 
-10.3 7.9 
5.5 6.4 
-10.7 5.9 
-24.0+ 5.5 
The calf weaning weight records from 1951 through 1956 were transferred along 
with the cows from Ankeny. 
Table 10 (Continued) 
Overall Within farm analysis Within breed analysis 
Estimates analysis Albia Ankeny Chariton Angus Hereford 
Year of birth 
1962 -11.7+4.5 -6.8+6.6 -4.3+5.2 -10.8+5.9 5.8+5.8 -0.9+5.2 
1963 1.5 4.4 17.6 6.3 20.7 4.6 -18.2 6.0 21.4 5.5 0.9 5.0 
1964 3.8 4.4 26.4 6.1 13.4 4.7 -8.3 6.1 25.4 5.6 2.3 5.1 
1965 3.9+4.3 5.4+6.3 8.8+4.6 7.3+5.5 23.8+5.3 -2.2+5.2 
Regression of 1.631 1.828 1.683 1.498 1.419 1.766 
weight on age +0.043 +0.103 +0.069 +0.076 +0.072 +0.062 
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and column, to the respective set of least squares estimates 
for the independent variables, and b is a column vector of 
the estimates for a given set of constants. The sum of 
squares obtained for a specific set of estimates by this 
method is equivalent to what is termed the "additional 
reduction" computed by the procedures presented by Kempthorne 
(1952). The additional reduction in sum of squares of a 
dependent variable due to fitting a given set of constants 
for a given factor such as age of dam is equal to the re­
duction in sum of squares due to fitting all constants minus 
the reduction in sum of squares due to fitting all constants 
except the set being considered, age of dam in this case. 
Normal distribution was assumed in order to conduct a 
test of significance. The F-values were calculated for fixed 
effects. Results are shown in Table 11. All factors included 
in the model had highly significant effects on calf weaning 
weight in all analyses, except for the differences among the 
three breeds at Ankeny. 
The data were corrected by subtracting the constants for 
discontinuous independent variables for all sources of varia­
tion from the dependent variable, the general formula for 
adjusting the data being as follows: 
n 
adjusted Y. = Y. - Z b.X.. 
^ ^ j=l J 
In the case of continuous independent variables, the regression 
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Table 11. Analysis of variance of calf weaning weight 
Overall Within breed analysis 
Source of analysis Angus Hereford 
dî variation MS df MS df MS 
Farm-breed^ 6 134,089** 1 195,554** 2 263,304** 
Sex 1 519,165** 1 233,958** 1 271,688** 
Age of dam 14 74,634** 14 25,283** 14 45,793** 
Year of birth 14 18,096** 9 13,848** 14 11,450** 
Age at weaning 1 4,083,628** 1 975,967** 1 2,531,242** 
Error 2224 2,875 701 2,500 1369 3,073 
Source of 
variation 
Within farm analysis 
Albia 
ïïF "MS" 
Ankeny 
31 MS 
Chariton 
3Ï MS 
Breed 
Sex 1 
Age of dam 14 
Year of birth 10 
Age at weaning 1 
Error 565 
2 4,342 2 69,328** 
145,109** 1 259,286** 1 136,677** 
14,868** 14 33,948** 14 26,211** 
17,959** 9 13,175** 13 14,937** 
917,730** 11,665^044** 1 1,051,620** 
2,926 866 2,773 700 2,691 
Farm only for within breed analysis. 
** 
P<0.01. 
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was used in adjusting the actual observation of the dependent 
variable. The adjustment of data was made for the overall con­
stants and for those within each farm, and each breed. The con­
stants given in Table 10 were used in adjusting the original 
data for the genetic analysis. The accuracy of adjustment 
depends upon the validity of assumptions that no interactions 
exist between either sire or dam with the other independent 
variables and both sire and dam effects are uncorrelated with 
the fitted variables. 
Adjusting for farm-breed and breed for overall and within 
farm data, respectively, would have removed part of the genetic 
variation. Correction for year differences would have very 
little effect upon estimates of genetic variation except when 
genetic trends were present during the specified period. 
This could be real if new superior sires were consistently 
selected to replace herd sires. Correcting for farm difference 
in the within breed data would not affect genetic variation 
very much since many sires were used across farms. 
Cow weights 
Weaning and yearling weights of cows were analyzed 
according to the following model; 
?iik = W + fi + Cj + 
The notation is as described earlier. Cow weaning weight was 
adjusted to the age of 205 days before being analyzed. Other 
environmental sources which could have contributed variation to 
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the data were not available. The least squares estimates, 
shown in Table 12, were used as correction factors for dam 
weights prior to the genetic analysis. Mean squares for 
each source of variation are shown in the same table, all 
of which were highly significant. 
Table 12. Analysis of cow weaning and yearling weights 
Weaning Yearling 
Year of birth 
1952 29.6 + 22.5 
1953 -17.9 25.8 
1954 47.1 25.8 
1955 -20.0 12.9 
1956 -23.7 9.8 
1957 -18.8 11.1 
1958 -9.4 7.7 
1959 -2.6 6.5 -10.9 + 11.2 
1960 -8.9 6.3 12.0 8.1 
1961 -21.3 6.3 -31.4 7.0 
1962 -2.7 6.2 -15.6 6.6 
1963 24.5 6.2 21.4 6.7 
1964 24.1 6.2 24.6 6.8 
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Table 12 (Continued) 
Meaning Yearling 
Farm-breed 
Alb ia-Here ford 25,6 4.4 
Ankeny-Angus -9.8 4.3 
Ankeny-Hereford -4.7 4,4 
Ankeny-Shorthorn -3,2 9,8 
Chariton-Angus -9,0 6,0 
Chariton-Hereford -3.8 7,1 
Chariton-Crossbred 4,9 7,1 
20,3 
•21,4 
-7,3 
7.1 
6 . 6  
7,6 
5.0 13.9 
•22.7 10.0 
•22.8 7.8 
41,8 10.0 
Analysis of variance 
Source df MS 
Year of birth 12 15,474** 
Farm-breed 6 17,474** 
Error 626 2,266 
df m 
5 42,502** 
6 36,128** 
451 4,518 
** 
P<0.01. 
Cow weights, in addition to weaning and yearling weights, 
were taken once in fall and once in spring from 1961 through 
1965, Four fall weights and four spring weights were recorded 
from cows with age ranging from one to 14 years. Each of the 
eight weights was analyzed for the several sources of variation, 
The least squares estimates of effects of various factors 
affecting cow weight taken in a particular year-season were 
computed from the following model: 
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?iikl = W + fi + hj + «k + Sijki 
,th 
w. k 
where 
= weight of 1"" cow taken in a particular year-
season 
= the effect of age of cow when weight was 
taken and 
= the effect of k^^ calving status of cow when 
weighed. 
The other notations are as described earlier. 
The least squares estimates obtained for each fall and 
each spring cow weight are presented in Table 13. They are 
used as adjusting factors to correct cow weights for the 
extraneous sources of variation. The analyses of variance 
for cow weights are shown in Table 14. All sources of varia­
tion were highly significant for cow weights taken each fall 
and each spring. 
Table 13. Estimates of effects influencing cow weights 
Estimates Season Cow weight 
Age of cow in 
years 
Fall 1065.5 
Spring 982.0 
Fall -337.0 
Spring -422.9 
Fall -152.1 
Spring -214,2 
1058.3 1023.1 
984.6 1013.1 
•412.7 
•340.2 
•209.9 
•246.0 
-296.0 
-377.0 
-194.6 
-231.2 
1060.4 
980.3 
-347.5 
-361.4 
-188.1 
-200.4 
Table 13 (Continued) ^ 
Estimates Season ^ Cow weight ^ 
Age of cow in 
years 
3 Fall -107.3 -67.8 -72.7 -83.7 
Spring -93.1 -119.5 -141.9 -96.1 
4 Fall 12.3 1.0 5.8 9.5 
Spring -7.3 -15.2 -8.7 -11.6 
5 Fall 38.5 47.7 52.6 46.8 
Spring 69.6 30.2 39.6 47.7 
6 Fall 42.6 69.4 84.0 56.8 
Spring 90.7 84.8 64.9 83.9 
7 Fall 49.4 45.9 106.0 85.3 
Spring 63.4 119.4 78.0 92.5 
8 Fall 99.3 70.6 37.0 125.6 
Spring 86,3 61.7 156.6 80.5 
9 Fall 95.7 100.5 75.7 53.5 
Spring 114.1 81.0 78.1 125.3 
10 Fall 80.3 85.9 80.5 49.8 
Spring 100.6 93.6 88.6 56.9 
11 Fall 12.1 105.1 79.1 71.6 
Spring 92.9 110.0 100.4 74.4 
12 Fall 92.0 74.7 11.1 14.8 
Spring 36.6 75.6 66.4 108.4 
13 Fall 22.1 55.0 31.4 106.1 
Spring 83.4 64.6 86.2 — 
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Table 13 (Continued) 
Estimates Season Cow weight 
Age of cow in 
years 
14 
Farm-breed 
Fall 52.3 34.5 
Albia-Hereford Fall 9. 9 10. 6 56, .4 35. 7 
Spring 32. 6 35. 7 63. 5 43. 6 
Ankeny-Angus Fall -8, .4 0. 7 -16. 8 -31. 8 
Spring 12. 7 1. 6 -30. 4 -35. 8 
Ankeny-
Hereford 
Ankeny-
Shorthorn 
Chariton-
Angus 
Chariton-
Hereford 
Chariton-
Crossbred 
Fall 
Spring 
Fall 
Spring 
Fall 
Spring 
Fall 
Spring 
Fall 
Spring 
77.1 
48.7 
44.4 
7.6 
•70.7 
•52.2 
•52.2 
•49.4 
54.2 
49.9 
81.8 
44.2 
28.6 -8.5 
•10.1 -20.4 
-57.9 -104.7 
-87.7 -12.9 
•36.3 -75.4 
-73.3 -89.8 
67.6 
84.0 45.7 
69.5 
39.5 
-38.5 
-43.4 
-18.1 
-77.0 
-65.5 
85.4 
3S.3 
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Table 13 (Continued) 
Estimates Season Cow weight 
12 3 4 
Calving status 
Dry Fall 24.6 56.1 36.9 55.1 
Wet Fall -24.6 -56.1 -36.9 -55.1 
Calved Spring -53.1 -34.5 -64.8 -58.8 
Pregnant Spring 37.2 72.3 67.2 38.5 
Open Spring 15.9 -37.8 -2.4 20.3 
Table 14. Analysis of variance of cow weights 
Cow weight Age Farm-breed status^ Residual 
Fall weight 
1 df 13 5 1 407 
MS 437,917** 203,248** 131,611** 11,324 
2 df 13 5 1 468 
MS 610,894** 116,664** 577,804** 10,096 
3 df 12 6 1 510 
MS 497,335** 381,988** 280,435** 11,189 
4 df 12 6 1 531 
MS 687,268** 269,539** 888,850** 9,995 
** 
P<0.01. 
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Table 14 (Continued) 
Cow weight Age Farm-breed status^ Residual 
Spring weight 
1 df 12 5 2 470 
MS 639,091** 143,859** 268,169** 10,097 
2 df 12 6 2 534 
MS 719,459** 258,257** 346,607** 9,294 
3 df 12 6 2 548 
MS 872,148** 270,778** 295,346** 10,409 
4 df 11 5 2 557 
MS 672,830** 195,179** 159,773** 8,798 
Genetic Analysis 
The adjusted data were used to estimate sire and dam 
effects, utilizing the following model: 
Yiik = W + Si + a.j + e. 
where = the adjusted weaning weight observed on animal 
U = the effect common to all observations 
s^ = the effect of i^^ sire 
d^j = the effect of j^^ dam mated to i^^ sire 
e^j^ = the effect peculiar to the animal. 
The analysis of variance was computed for each set of data 
corrected within farm and within breed. No degrees of freedom 
were allowed for computing adjusting factors in correcting 
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data. The expectation of mean squares, as shown in Table 
15, for each source of variation in the model was equated to 
the observed value, and estimates were derived for the compo­
nents of variance. 
Table 15. The expectation of mean squares for the half-sib 
and full-sib analysis 
Source df MS Expected mean squares 
Sires (s-1) S + kg Cg 
2 2 
Dams/sires (d-s) D 
Within dams (N-d) W 
s = number of sires 
d = number of dams 
n^j = number of offspring born to i^^ sire and dam 
N = total number of offspring 
n^~ = number of offspring born to i^^ sire 
-I#) 
/(d-s) 
ii 
= I T I J lU. I - iJ-
2 / . I n. / N /(s-1) 
kj = [n - i-il] /(s-1, 
V. N 
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The genetic model assumed is 
P = A+ M+ C + E 
where P is the phenotypic deviation measured from the mean, 
A is the sum of the average effects of the genes of the calf, 
M is the deviation caused by the maternal abilities of cows, 
C represents the environmental effect common to full-sibs 
and E includes a temporary environmental variation plus the 
dominance, epistatic and interaction deviations, 
0-,, is the covariance between A and M. From the model of 
AM 
analysis, 
E(Y-U)2 = Gp 
E( ) is the expectation. Hence, 
where 
2 Cg = covariance among paternal half-sibs 
2 Cg = covariance among full-sibs minus covariance among 
half-sibs. 
The general formula for the correlation between relatives was 
presented by ^empthorne (1957). Willham (1963) extended its 
application to derive the genotypic covariance between rela­
tives for traits influenced by maternal effects. The compo­
nents of covariance between relatives are given in Table 16, 
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Table 16. The components of covariance between relatives 
Expected components of covariance^ 
Relationships "L "c 
Full-sib 1 2 
1 
4 
1 
2 + 
1 
2 0 + 0 1 1 1 
Paternal Half-sib 1 4 0 0 + 0 0 + 0 0 0 0 
Maternal Half-sib 1 4 0 
1 
2 + 
1 
2 0 + 0 1 1 1 
Dam-Offspring 1 2 0 1 + 
1 
4 1 + 0 
1 
2 0 -
A = additive gene effect, D = dominance effect, o = 
offspring component, m = maternal component, C = environmental 
component common to full-sibs. 
2 The paternal half-sib component of variance, Og, contains 
'î' "ao "a' therefore 
^4 - 4 
Heritability, h^, is defined as 
h^ = 4/4 
and calculated from the formula 
h^ = 40g/Gp 
2 12 The dam component of variance, a^, contains (j) plus 
maternal effects, a component for environment dommon to 
fullsibs, and the covariance between the additive effects 
of genes for growth and the maternal effects of cows. The 
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correlation between weaning weights of full-sibs is calculated 
by the following formula: 
"s * "l* "w 
The relationship in the formula is shown in Figure 1, where 
t includes likeness due to maternal influence, covariance 
between maternal influence and additive gene effect, common 
environment, and half of additive genetic difference. The t 
in this case was considered by Koch (1951) to be an upper 
limit to the heritability of maternal influence of weaning 
weight. The estimates of heritability of calf weaning weight 
and correlation between full-sibs are given in Table 17. 
The standard error for the heritability estimate was 
calculated according to the approximate formula given by 
Dickerson (1960) 
2, _ S.E.(hr) = 
where 
OpHS 
l^k^ (s-1) (d-s)J 
The standard error for the correlation was computed 
by using the formula for the approximate variance of a ratio. 
Figure 1, Path coefficient diagram illustrating the rela­
tionship between phenotypes of full-sibs 
= Genotype of sire's weaning weight 
= Genotype of dam's weaning weight 
D^M = Genotype of dam's maternal ability 
r^ = Genetic correlation between genotypes of 
weaning weight and maternal ability 
h^ = Heritability of maternal ability 
0^ = Genotype of offspring weaning weight 
O^W = Pehnotype of offspring weaning weight 
t = Correlation between full-sibs 
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c 
1/2 
O W 
1/2 
O W O W 
O W. 
t : (i/2)h^ • • h r h. m 
G M 
= [«/2)af . a-l 
r 2 2-, / 2 
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Table 17. Analysis of variance and heritability and correla-
tion between full-sibs 
Source of 
DW^^Within correlation 
Sires Dam ability 
Analysis Sires 
Angus 
MS 8,722 
df 39 
Hereford 
MS 6,740 
df 82 
Pooled estimate^ 
Albia 
MS 10,153 
df 33 
Ankeny 
MS 8,636 
df 60 
Chariton 
MS 5,447 
df 58 
Pooled estimate^ 
Overall 
MS 7,448 
df 159 
3,560 3,289 0.30+.16 0.13+.10 
576 129 
3,792 2,481 0.19+.07 0.34+.08 
1,114 229 
0.24 0.26 
3,946 2,889 0.35+.14 0.30+.10 
457 109 
3,896 2,729 0.33+.11 0.31+.07 
623 229 
3,241 1,380 0.20+.10 0.58+.10 
649 42 
0.28 0.38 
3,676 2,623 0.31+.07 0.38 
1,716 379 
Weighted by the inverse of variance of the estimate. 
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outlined in detail by Kempthorne (1957), as follows; 
„,X, _ V(X) 2XCov(X,Y) . X^V(Y) 
v(y> - —2 p ^r-
where X and Y are mean squares 
vrM q 1 = 2 (M.S.) 2 
^ * *' (degree of freedom + 2) 
The correlation is expressed in term of mean squares and the 
standard error can be derived for any case using the basic 
formula above. It should be noted, however, that the formula 
is most appropriate where the subclass frequencies are equal 
and the errors are normally and independently distributed. 
The standard error reported in this study was calculated from 
the approximate formula derived in a similar manner and pre­
sented by Fitzhugh, et a2. (1967) 
S.E.(t) -
Js + [ ^3 
(s-1) kgk^ (d-s) 
It is necessary to assume = kg in deriving the formula. 
This assumption is generally appropriate for the present study, 
Fall and spring cow weights were adjusted and analyzed 
to obtain the "among cow" and "within cow" mean squares. 
The estimates of variance components were computed as before. 
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Table 18. Analysis of repeatability of cow mature weight 
source of variation Sgrlng weight 
Among cow 830 23,963 830 23,222 
Within cow 2477 8,098 2455 6,346 
Repeatability 0.33+.14 , 0.40+.14 
The repeatability of cow weight was calculated as 
2 2 
where and are the "among cow" and within cow" components 
of variance. The results are shown in Table 18. 
Correlation between Offspring 
and Dam Weight 
The data for calf weaning weight and dam weights were 
adjusted for environmental differences. The analysis of 
variance is computed to obtain the "among sire" and "within 
sire" mean squares for calf weaning weight, dam weight, and 
the sum of the calf and dam weights. The expectation of 
mean squares for the sum of weights is shown in Table 19. 
The "sire" classification is based on the sire of calf; in 
effect, the "within sire" or "intra-sire" variance component 
for calf weaning weight would be independent from the differ­
ence due to a trend of sire breeding values if that had existed. 
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Also, if any peculiar likeness between dam and offspring 
weights had been present within a particular sire group, the 
intra-sire component of covariance would be free from it. 
Table 19. The expectation of the mean squares for the sum of 
Source of 
variation df Expected mean squares^ 
Among sires (s-1) 
Within sires (N-s) 
Total (N-1) (al +al +2a ) 
0 D OD 
^p=offspring, D = dam, B = between sire group, T = 
total. 
The components of covariance for "within" and "among" are 
calculated as follows: 
Xd 2 
^ 
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The "intra-sire" correlation for the traits of dam and off­
spring is computed as ; 
Table 20. Correlation and regression coefficients of calf 
weaning weight on cow weights 
Dam weight df^ S.D. and covariance^ Estimate^ 
^0 ®0D ^OD ^OD 
Weaning weight 1240 60. 7 47. , 4  75, .2 0. 026 0, .034 
1345 62. ,5 49. 5 117. ,0 0. 038 0. 048 
Yearling weight 520 58. ,3 67. ,3 517. 2 0. 132** 0, .114 
578 61. 4 70. 1 598. 1 0. 139** 0, .122 
Fall weight 
First 1712 59. 7 96. 4 633. ,8 0. 110** 0, .068 
1827 61. 8 102. .6 668, .7 0. 106** 0, .064 
Second 1831 60. 1 94. ,2 826. 6 0, .146** 0, .093 
1947 62. 1 101. 8 914. .9 0, .145** 0, .088 
Third 1752 59. 8 103. ,1 703. 7 0, .114** 0, .066 
1869 62. 3 113. 0 1046. 2 0, .149** 0, .082 
Fourth 1565 60. 5 106, .5 797, .7 0, .124** 0, .070 
1673 62, .4 117, .3 1081, .3 0, .148** 0, .079 
^"Intra-sire" on upper line, "total" on lower line. 
Table 20 (Continued) 
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Dam weight df S.D. and covariance Estimate' 
OD OD OD 
Spring weight 
First 
Second 
Third 
Fourth 
1820 59. 8 94. 5 883. 8 0 .157** 0. 099 
1936 61. 9 101. 0 920. 0 0 .147** 0. 090 
1859 60. 0 99. 6 852. 5 0 .143** 0. 086 
1977 62. 2 105. 6 1103. 4 0 .168** 0. 099 
1624 60. 7 111. 9 866. 0 0 .128** 0. 069 
1733 62. 5 122. 9 1121. 4 0 .146** 0. 074 
1373 60. 8 107. 5 827. 1 0 .127** 0. 072 
1475 62. 6 115. 9 883. 5 0 .123** 0. 066 
The "total" correlation for the traits of dam and offspring 
is calculated as: 
^T = 
W. + a OD B OD 
= cr /a a 
OD ^0 D 
The correlation between weaning weights of offspring and 
dam obtained in Table 20 contains, as a fraction of the pheno-
typic variation, one-half of the additive effect of offspring 
genes, one-half of the additive effect of maternal genes of 
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dams, and covariance of offspring and maternal components, 
as indicated in Table 16. The difference between the correla­
tion of offspring and dam weaning weights and one-half of 
the heritability obtained from the paternal half-sib could, 
therefore, indicate the covariances of offspring and maternal 
components plus one-half of the additive component for 
maternal effects. 
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DISCUSSION 
Analysis of Calf Weaning Weight 
Factors affecting calf weaning weight 
Calf weaning weight was first analyzed for the effects of 
environmental factors. The tests of significance for all 
sources of variation were conducted with the assumption that 
effects were fixed. No interaction terms were included in 
the mathematical model; they were assumed nonsignificant. 
The interactions of sex by age of dam and sex by year of 
birth were fitted independently and found to be nonsignificant. 
Age of dam by year of birth and three-factor interactions were 
not tested. The mean squares due to interactions, independent 
of the factors fitted in the model, are thus included in the 
residual mean squares. Their contribution, however, would 
be of minor importance in this study in which the degrees of 
freedom for estimating the residual mean squares in several 
hundreds. The fixed effects mentioned below were examined 
for calf weaning weight, and appropriate adjustments were 
made for them prior to the genetic analysis. 
Sex of calf 
The variation in weaning weight due to sex difference was 
highly significant (p<0.01) in all analyses. Male calves 
averaged 30 pounds heavier than female calves at 201 days of 
age. The differences between sexes computed within each farm 
were similar for all farms, both in magnitude and trend. They 
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were 32, 34, and 28 pounds in favor of male calves at Albia, 
Ankeny, and Chariton, respectively. Males averaged 36 
pounds heavier than females for Angus, while the difference 
was 28 pounds for Herefords. The difference between breeds 
for the sex effect was not expected to be significant. 
The estimate of sex difference obtained in this study 
agrees with most results reported in the studies summarized 
in Table 1, Drewry (1964) reported the differences of 28 and 
30 pounds in favor of bulls over heifers for creep-fed and 
non-creep calves, respectively. Similar sex differences of 
34, 29, and 26 pounds were also reported by Minyard and 
Dinkel (1965), Rovira (1966), and Kock and Clark (1955), 
respectively. Brown (1961), Swiger (1960), and Thatcher 
(1962) reported somewhat larger sex differences of 66, 45, 
and 49 pounds in favor of male calves. Some authors obtained 
smaller sex differences. Neville (1962) and Cundiff, et al. 
(1966) reported the sex differences in weaning weight of 
12 and 20 pounds, respectively. 
Age of dam 
The effect of age of dam was highly significant (p<0.01) 
in every analysis. The estimates for age effect were computed 
as the difference in average production of all cows at each age. 
This would cause an upward bias for older age effects if older 
cows were allowed to remain in the herd on the basis of calf 
weaning weight. Lush and Shrode (1950) and Koch and Clark 
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(195 5) discussed this bias in detail in estimating the effect 
of age of dam. In general, the data used in the present 
study should have contained very little bias because Rovira 
(1966), who investigated the causes of culling cows in these 
same herds, reported only 7.9 percent of the cows were culled 
due to poor production records. Most cows (46.4 percent) 
were culled for poor reproductive efficiency. There seems 
to be no reason to expect a relationship between cow's 
fertility and calf weaning weight. 
The least squares estimates for the effect of age of dam 
indicated that cows increased production very sharply from 2 
to 5 years of age and reached maximum production between 5 
and 8 years, after which they declined slowly. Only a few cows 
were in each age group older than 13 years. The results from 
some analyses, for example the ones computed within Chariton 
farm and within Hereford breed in which cows of 13 years and 
older maintained high production, may be partly influenced 
by sampling error but could very well be due to selection of 
older cows for high production. Consequently, calf weaning 
weight from older cows appeared heavier than from cows at 
some younger ages. The Hereford cows reached the maximum 
production during 5 to 7 years of age, while a second peak 
appeared at the ages of 12 and 13 years in which only 16 and 
11 cows were represented, respectively. Such a peak might 
occur due to the kind of selection being practiced, A similar 
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peak was observed in the data from Chariton, where cows at 
12 and 13 years of age maintained higher production after a 
decline from the maximum production that was reached during 
the age of 5 to 8 years. Other analyses showed a similar 
trend, but the increase in production for older age groups 
was based on very few observations so that large sampling 
error could have played a major role. Such age groups could 
be combined into only one group and the effect averaged. 
Figure 2 represents the effect of age of dam estimated 
from overall data with the effects of 14 to 16-year old 
groups combined and averaged. Cows at 2 years of age were 
the lowest producers. Calf weaning weight increased rapidly 
and reached the maximum at 5 years of age, then declined 
slowly and steadily. Production turned upward slightly at 12 
years of age, then declined steadily thereafter. 
With respect to the age when maximum production is 
reached, the results are well in agreement with most past 
studies summarized in Table 2. Koch and Clark (1955), 
Swiger, et al. (1962), Drewry (1964), and Rovira (1966) 
reported that cows reached the peak of production at 5 to 7 
years of age. Meade, et (1963) and Reynolds, et al. 
(1958), however, reported that peak production was reached at 
6 to 11 and 5 to 12 years of age, respectively, with cows from 
Brahman and Shorthorn purebreds and crossbreds. The results 
obtained by Cundiff, et al. (1966), Warren, et al. (1965), and 
Figure 2. Least squares estimates for the effect of age of dam on 
weaning weight for overall data 
C A L F  W E A N I N G  W E I G H T  
O 
T8 
82 
Peacock, et al.(1960) indicated that cows reached maximum 
production at later ages of 8 to 12, 8 to 9, and 10 to 12 
years. 
Harwin, et al. (1966), Thatcher (1962), and Rovira 
(1966) indicated increases of production of cows at a later 
age after the maximum production had been achieved. The 
increase, if not largely due to sampling error, could be an 
indication of mass selection which allowed only persistently 
superior producers to remain in the herd until they reached 
very old age. 
The effects of age of dam in the literature were summarized 
in Table 2. The results from some studies that were comparable 
to the present study were included in Table 21. 
Age of calf 
Calves were weaned at the average age of 201+27 days. 
Most of the calves (95 percent) were weaned between 147 to 
255 days. Johnson and Dinkel (1951) found linear growth up to 
the age of 155 days; the gain in the later period up to 255 days 
was also linear but at a slower rate. Dunn (1957) reported 
linear growth between 150 and 230 days. In the present study, 
the effect of age of calf was estimated by a linear partial 
regression coefficient. The problem of nonlinear growth would 
not be serious in these data, since most calves had entered 
the second period of growth (150 to 250 days of age). 
The mean squares due to regression of weaning weight on 
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Table 21. Effect of age 
other studies 
of dam in present study and in some 
Age of dam Minyard 
and Dinkel 
(1960) 
Koch 
and Clark 
(1955) 
Drewry 
(1964) 
Thatcher 
(1962) 
Present 
study 
2 0 - 0 0 0 
3 36 0 35 45 28 
4 48 25 48 59 44 
5 53 38 49 69 
6 §1 j46 53 60 §1 
7 ii 38 45 70 
8 69 44 45 65 52 
9 60 39 49 71 49 
10 46 31 49 73 54 
11 45 - 49 68 38 
12 31 9 59 56 
13 28 9 53 53 
14 - - 106 51 
age were highly significant (p<0.01) in all analyses. The 
regression coefficient obtained for the overall data was 1,63 
pounds increase in weight per day of age of calf. The 
coefficients for within farm analyses were 1.83, 1.68, and 
1.50 pounds per day for Albia, Ankeny, and Chariton data, 
respectively. The estimates of 1.42 and 1.77 pounds per day 
of age were obtained for Angus and Hereford, respectively. 
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The results obtained in this study were similar to most 
earlier results, Gregory, et al. (1950) obtained a. regression 
of 1,42 pounds per day for Hereford cattle at the North 
Platte station, Botkin and Whatley (1953) reported a similar 
value of 1.46 pounds per day in Herefords. Dunn (1957) and 
Swiger (1961) reported the same value for a regression 
of weaning weight on age of 1,70 pounds per day, Hamann, 
et al, (1960) obtained a regression of 1.42 pounds per day 
from Angus data. 
From some other studies, however, smaller regression 
coefficients were reported, Evans, et (1955) and Pizarro 
(1962) found the regression coefficients of weaning weight 
on age of 0,99 and 0,85 pound per day, respectively. On the 
contrary, Koch (1951) and Harwin, et (1966) reported 
higher coefficients of 2.27 and 2,13 pounds per day; the 
former result, however, was obtained from younger animals at 
an average age of 176 days, Gregory, et (1950) also 
obtained a high value for the regression of 2,33 pounds per 
day for calves with an average age of 150 days. 
Year of birth 
The effect of year of birth was highly significant 
(p<0,01) in all analyses. The estimates for effects of year 
of birth fluctuated considerably throughout the period of 
study. Although no definite trend of the effect of year of 
birth could be established, a cycle of fluctuation seemed to 
85 
occur every 5 to 6 years? that is, the trend would generally 
reverse its direction approximately every 3 to 4 years, as shown 
in Figure 3, The fluctuating pattern of the curve mainly re­
flected annual changes in precipitation, temperature, diseases 
and parasites, etc., which in turn caused changes of the level 
of nutrition as well as the health of calves and cows in the 
herd. 
The results also generally indicated similarity in the 
trend of the effect of year of birth from farm to farm. This 
was expected since all three farms from which data were col­
lected ace located practically in the same geographical zone; 
annual rainfall and temperature as well as yearly feeding 
and management conditions would not be widely different. 
The results for the effect of years of birth obtained from 
the within breed analysis also showed similar trends in both 
Angus and Hereford. Angus data, however, were available 
only during 1956 through 1965, while Hereford data had been 
collected since 1951. 
There were numerous reports in the past in which the 
effects of the years of birth were found significant 
(BUrgess, et al., 1954; Pahnish, et a^., 1961; Flower, et al., 
1963; Harwin, et , 1566; and Haydon, et al., 1967). Brown 
(1960) estimated that approximately 6 to 8 percent of the 
total variation in calf weaning weight was attributed to the 
difference in years of birth. 
Figure 3. Least squares estimates for the effect of year of 
birth on weaning weight for overall data 
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Farm-breed 
In the overall data, only Hereford calves were raised at 
Albia; the effects due to either farm or breed were not clearly 
distinguishable from one another. The effects due to farm and 
breed, hence, were fitted as farm-breed combinations which, in 
effect, included variation due to farm, breed and farm by breed 
interaction. The effects of farm and breed, however, could be 
obtained from the within breed and within farm analyses, 
respectively. 
The differences among farm-breed subclasses were highly 
significant (p<0.01). Crossbred calves at Chariton were 
heaviest at weaning, while Angus and Hereford calves were 
lighter. The calves at Albia and Ankeny were not widely 
different in weaning weight. Shorthorn calves at Ankeny were 
lighter than Angus and Hereford calves. 
At Ankeny, the breed difference was not significant 
(p>0,05), The relative difference among breeds was similar to 
that observed in the overall analysis. The breed difference 
at Chariton was highly significant (p<0,01); the relative 
breed difference also agreed with the results from the overall 
analysis. 
The differences among farms within Angus as well as within 
Herefords were highly significant (p<0.01). Hereford calves 
raised at Albia were the heaviest at weaning, while those at 
Chariton were the lightest. Hereford calves at Ankeny, however 
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were not much lighter than those at Albia, For Angus, the 
calves at Ankeny were heavier than those at Chariton. The 
least squares estimates due to differences among farms and 
among breeds for weaning weight were presented in Figures 
4 and 5. 
In the past, the difference among breeds were found 
significant in many studies. Lehmann, et al. (1961) reported 
significant breed differences in calf weaning weight, Angus, 
Hereford, and Shorthorn calves ranking in that order according 
to weaning weight. Cundiff, et al. (1966), Frigerio (1961), 
and Drewry (1964) similarly reported that Angus calves was 
significantly heavier than Hereford calves at weaning. 
Rovira (1966) , however, obtained a nonsignificant breed 
difference in weaning weight between Hereford and Angus. 
Herefords were actually heavier, but the breed difference 
obtained in that study was confounded with the farm effect. 
Warren, et al. (1965) also reported heavier Hereford calves 
than Angus calves at weaning. 
The effects of farm differences have generally been 
significant (Peacock, et al., 1960; Cundiff, et , 1966). 
The significant farm differences obtained by Frigerio (1961) 
and Rovira (1966) were comparable to the results obtained in 
the present study, since the above authors used a part of 
these scume data for their studies. 
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Figure 4. Farm-breed effect on weaning weight 
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Figure 5. Farm and breed effects on weaning weight 
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Correction of calf weaning weight 
Calf weaning weights were corrected for various sources 
of variation before beginning the genetic analysis. The 
corrections were made by subtracting the least squares esti­
mates for all sources of variation from an actual weaning 
weight. In the genetic analysis, the variations in adjusted 
weaning weights due to sire and dam were analyzed. Because 
the effects of environmental factors had been computed inde­
pendently of the genetic effects, two important assumptions 
were required. First, interactions between either sire or 
dam effects with environmental effects were ignored. Second, 
correlations between either sire or dam effects with environ­
mental effects were assumed non-existent. It is necessary to 
consider the validity of these assumptions because noncon­
formity would affect the accuracy of estimating the genêtic 
components. 
A correction for the difference due to years of birth 
would partially reduce genetic differences if a definite 
genetic trend was apparent during the period included in the 
study. The least squares estimates for years of birth were 
shown in Table 10 and no phenotypic trend was observed in any 
anaiybi.s; hence, no genetic trend would be expected to exist 
unless a specific environmental trend was definitely estab­
lished during the period. The effect of years of birth by 
age of dam interaction was not examined and was assumed to be 
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nonsignificant, but if the interaction were really important 
the estimates of sire differences would be enhanced if 
sires were confounded with year by age of dam subclasses. 
The interaction between sire and year of birth of the 
calves was assumed non-existent. If interaction had been 
present, the least squares estimates for the effect of years 
of birth would not be unbiased and the within sire mean squares 
would be larger than if no interaction existed. This, however, 
would be important only when offspring from "superior" sires 
performed extremely better than offspring of "inferior" 
sires in "better" years but reversed position in "worse" 
years. In the past, this had not proved to be the case, 
except when sires were greatly different in genotypes and 
performed under diverse sets of environment. 
An overcorrection of weaning weights of older calves for 
age at weaning could also result when growth were not really 
linear, and the total variation in adjusted weaning weight 
would be larger than it should have been. The variance be­
tween sires, however, would not be biased unless the off­
spring of some sires were consistently weaned at older ages. 
In case some cows consistently dropped calves earlier than 
others, the consequence would be similar; the estimates of the 
difference due to cows would be biased and the covariance 
between half-sibs would be biased upward. 
As discussed earlier, the effect of age of dam would be 
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biased upward for older cows when selection has been practiced 
on the basis of calf weaning weights. If some sires were 
regularly mated to older cows, the variation among sires would 
be expected to be biased upward. A correlation between the 
effects of sires and sexes of calves was not expected, since 
the sex ratio of calves from each sire should not deviate 
significantly from 1 to 1. 
Heritability of Calf 
Weaning Weight 
The heritability estimate for calf weaning weight was 
obtained from the paternal half-sib analysis. The within 
breed estimates of heritability were 0.30 and 0.19 with the 
standard errors of 0.16 and 0.07, respectively, for Angus 
and Hereford. The heritability estimates obtained for Albia, 
Ankeny, and Chariton were 0.35, 0.33, and 0.20 with the 
standard errors of 0.14, 0.11, and 0.10, respectively. The 
heritability of calf weaning weight estimated from the analysis 
of overall data was 0.31 with the standard error of 0.07. 
The estimates of components of variance for within dams, 
among dams within sires, and among sires as well as the 
heritabilities are summarized in Table 22. 
The estimates of heritability of weaning weight were 
obtained under the assumption of random mating. The effects 
of sire and dam, under this assumption, would be uncorrelated. 
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Table 22. Estimates of variance components and heritabilities 
of weaning weight 
Analysis Within Among 
dams dams 
Among 
sires 
kl Herit­
ability 
Combined 
estimate 
Within breeds 
Angus 3289 225+381 284 1.21 0.33 0.24 
Hereford 2481 1100+236 174 1.19 0.19 
Within farms 
Albia 2889 879+391 365 1.22 0.35 
Ankeny 2729 872+258 326 1.34 0.33 
Chariton 1380 1766+300 166 1.05 0.20 0.28 
Overall 2623 876+190 292 1.20 0.31 
But if, by any chance, the mating between dams and sires was 
based on the likeness of their weaning weights, the covariance 
among half-sibs would be biased upward by the quantity of 
three times the average correlation among the genes of the 
parents. In this event, the adjusted estimate of heritability 
could be obtained by dividing the observed heritability by one 
plus three times the correlation between the genes of the 
parents. 
The estimates of heritability reported in the literature 
are widely different from one study to another, especially 
when different methods of estimation were employed. Since 
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calf weaning weight is strongly influenced by maternal en­
vironment, estimates of heritability are usually made from 
paternal half-sib correlations. Most reports, using this 
method, have yielded heritability estimates between 20 and 35 
percent, as obtained by Knapp and Clark (1950), Koch and Clark 
(1955b), Minyard and Dinkel (1960), Swiger (1961), Shelby 
(1963), and Minyard and Dinkel (1965). Some authors (Carter, 
1956; Rollins and Wagnon, 1956; Pahnish, et , 1964) 
obtained estimates of heritability between 5 and 9 percent. 
However, values as high as 70 to 85 percent were also re­
ported by a few authors (Carter, 1956; Thatcher, 1962), 
Most heritability estimates obtained from paternal half-sib 
correlations (15 out of 38 estimates summarized in Table 4) 
were between 20 and 35 percent. The results obtained in the 
present study are within the more usual range. The pooled 
estimates of heritability for farms and breeds were 28 and 
24 percent, respectively. 
Correlation between Full-sibs 
and Maternal Effect 
The correlations between weaning weights of full-sibs 
obtained in this study were computed to be used for 
predicting the probable performance of future full-sibs. The 
records of all cows which weaned one or more calves were 
included in the analysis. A denial of cows with only one 
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calf record would result in the reduction of the variation of 
weaning weight, since cows with only one record could have 
been culled on the basis of their calf weaning weight. Non-
consecutive records by the same cow are likely to have a lower 
correlation than that between consecutive records (Roger 
and Knox, 1947; Gregory, et al., 1950). This problem, however, 
would not be serious since most cows that were open would 
normally be culled. 
The estimates of the full-sib correlation for calf 
weaning weight computed from the present study were 0.13 and 
0.34 for Angus and Hereford data, respectively. The pooled 
estimate for both breeds was 0.26. From the within farm anal­
ysis, the estimates of 0.30, 0.31, and 0.58 were obtained for 
Albia, Ankeny, and Chariton, respectively, while the pooled 
estimate was 0.38. The correlation estimated from the overall 
data when farm and breed differences were removed simul­
taneously was 0.38. The repeatability estimates of weaning 
weights reported in past studies were generally obtained as 
the intraclass correlation between calf weaning weights 
produced by the same dam; they were between 0.40 to 0.55 
(Koch, 1951; Rollins and Guilbert, 1954; Minyard and 
Dinkel, 1960; Lueker, et 1963; Drewry, 1964; Minyard and 
Dinkel, 1965). The correlations between full-sibs obtained 
in this study were slightly smaller than the repeatabilities 
generally reported. Some authors, however, obtained the 
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repeatability estimates comparable to that of the present 
study. Hoover, et (1956) found the estimates of 0,29 
and 0,32 for 112- and 210-day weights, respectively. Koch 
and Clark (1955) also obtained 0,34 for the repeatability of 
weaning weight, Hitchcock, et (1955) reported smaller 
values of 0,30 and 0,15 for the repeatability of weaning 
weight in male and female calves, respectively. 
The effect of maternal influence on beef calf weaning 
weight has long been observed. However, there is no direct 
method of measurement of the maternal effect in beef cattle. 
Koch and Clark (1955d) discussed the maternal influence of 
beef cows as follows: 
The maternal influence of cows on the phenotypic 
expression for traits in the calf is due to genes 
transmitted by the cow to the calf and by the maternal 
environment provided during part of the calf's life. 
The contribution of the cow from genes transmitted is 
the same as that of the sire except for sex-linked 
genes. The relationships among paternal half-sibs can 
be used as a measure of maternal influence from this 
source. The influence through maternal environment 
appears in two phases of the calf's life. The first 
phase is the intra-uterine period from conception 
until birth. The second phase is from birth to weaning. 
Maternal environment cannot be measured directly. 
Its influence can only be inferred from observation and 
comparison of relationships where the effect is included 
with those where the effect is excluded. 
The phenotypic expression for weaning weight of the calf can 
then be formulated as 
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P = A + M+ C + E 
4+ *c + *E 
The notation remains as described earlier. As presented in 
Table 16, the expectations of variance components were given 
as follows: 
B(Ô2) = 
^<8D> = "1/4 + 4 
= 2*1/4 + 4 
The expectation of the sire component also includes a small 
portion of variance component for additive by additive gene 
interactions and somewhat less than a quarter of genetic-
environment interaction component. The expected composition 
of dam variance component as presented above disregards con­
tributions, at various degrees, from the effects of intra-
and inter-loci interactions, a covariance between the addi­
tive effect of genes for growth and maternal effect as well 
as a half or more of genetic-environment interaction. From 
such equalities, the maternal influence can be approximately 
estimated as 
= °D - "I 
and the component for temporary environment 
4 - 4 -  H  
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Table 23, The effects of maternal influence and temporary 
environment 
Analysis 
Variance 
components 
M E 
As a fraction of the 
total variation 
y 
4/4 
within breed 
Angus -59 2721 
Hereford 926 2133 
0 
0.24 
0.71 
0.57 
Within farm 
Albia 514 2159 
Ankeny 546 2077 
Chariton 1600 1048 
0.13 
0.14 
0.48 
0.52 
0.53 
0.32 
Overall 584 2039 0.15 0.54 
The variations due to the maternal environment and 
temporary environment are shown in Table 23. A negative value 
for the component of variance due to the maternal effect was 
obtained in Angus data. This could occur if the environmental 
correlation among paternal half-sibs due to their contempo­
raneity were large. Maternal half-sibs were born and raised 
under differing sets of environment; therefore, they could be 
less closely correlated than the paternal half-sibs. The 
estimates for maternal influence were between 0.13 and 0.48 
relative to the within farm variation for weaning weight. 
The temporary environment variation ranged from 32 to 71 
percent of the total variation. 
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Analysis of Cow Weights 
Factors affecting cow weaning and yearling weights 
Cow weaning weights were preadjusted for age at weaning, 
breed, and age of dam, and then were analyzed for the effects 
of years of birth and farm-breed combinations. The variations 
due to years of birth as well as farm-breed differences were 
found to be highly significant (p<0.01). The least squares 
estimates are presented in Table 12. The residual mean 
squares for cow weaning weight appeared somewhat smaller 
than for calf weaning weight. One plausible reason is that 
heifer calves were selected on the basis of their weaning 
performance to enter the breeding herd. 
The trend of effects for year of birth on cow weaning 
weights appeared similar to those obtained for calf weaning 
weight during the same period. Many cows were probably 
replaced by heifers from the same herd. Figure 6 shows the 
plotting of the effect of year of birth on cow weaning weight, 
which is comparable to that in Figure 4. No phenotypic 
trend could be observed during the period included in this 
study. As was said earlier, a genetic trend could be demon­
strated only when an environmental trend was specific. 
The estimates of effects of farm-breeds for cow weaning 
weight were less widely different than those for calf weaning 
weight, especially the difference among breeds within a farm. 
Figure 6. Least squares estimates for the effect of year of birth on 
cow weaning weight 
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Figure 7. Least squares estimates for the effect of farm-
breed on cow weaning weight 
Figure 8. Least squares estimates for the effect of farm-
breed on cow yearling weight 
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This could be because selection for replacement heifers was 
more severe for the breeds where weaning weights were low. 
At the Chariton farm, weaning weights of crossbred cows were 
heavier, but not greatly different from those of Angus and 
Hereford cows (see Figure 7). Albia cows, where only Herefords 
were raised, were the heaviest among all farms at weaning. 
Hereford as well as Angus cows at Ankeny and Chariton were about 
equally heavy. Shorthorn cows were raised only at Ankeny; their 
weaning weights were close to those of Herefords. 
Cow yearling weights were analyzed similarly. The results 
are presented in Table 12. The data for yearling weights were 
available only during 1959 to 1964. The differences due to 
years of birth were highly significant (p<0.01). No definite 
yearly trend was observed. As usual, the variation was 
likely due to random fluctuation of environmental factors. 
The farm-breed differences were highly significant 
(p<0.01). In general, differences were similar to those 
observed in weaning weight. The yearling weight of crossbred 
cows at Chariton appeared to be distinctly heavier than for 
cows in other subclasses. Hereford cows at Albia were the 
heaviest of any purebred cows. Those at Ankeny were heavier 
than at Chariton. Angus cows at Chariton and Ankeny weighed 
nearly the same, while yearling weight of Shorthorns was 
medium. Figure 8 illustrates the relative magnitude of the 
least squares estimates for farm-breed subclasses. 
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Age of cow and trend of mature weights 
Eight cow mature weights, four in fall and four in spring, 
were analyzed in this study. The effects of age of cow, 
calving status, and farm-breed were included in the model. 
The interactions among the effects were assumed nonsignifi­
cant. The results were shown in Table 13. 
The average age of cows when weights were taken was 4 
years. The effect of age of cows was highly significant 
for every weight. The least squares estimates are plotted 
in Figures 9 and 10 for fall and spring weights, respectively. 
The fall weights increased rapidly from the ages of 1 to 4 
years, approached a maximum at 7 to 9 years, and then declined 
slowly from 9 to 14 years. This was also true for four 
spring weights. Fitzhugh, et al. (1967) reported a significant 
effect of age on cow weights taken after parturition and at 
weaning time of calf. Marlowe (1962) estimated the effect 
of age to account for 14 to 21 percent of total variation in 
cow weights. Cows reached a maximum weight at 6 years of age. 
Brinks, et a2. (1962) reported that cows increased in weight 
up to 8 years of age and then declined slowly. 
The mean squares for farm-breeds were highly significant 
for all weights. The least squares estimates for the effect of 
farm-breed is presented in Table 24. Generally, Hereford cows 
at Albia and Ankeny and crossbred cows at Chariton were 
heaviest; Angus and Shorthorn cows at Ankeny were intermediate 
Figure 9. Least squares estimates for the effect of age of cow on 
fall mature weights 
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Figure 10. Least squares estimates for the effect of age of cow on 
spring mature weights 
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and Angus and Hereford cows at Chariton were smallest. The 
breed difference within each farm appeared to be important as 
well as the farm difference within each breed; the differences, 
however, cannot be inferred independently. Marlowe (1962) 
found breed differences to be an important source of variation 
in cow weight, Fitzhugh, et (1967) reported Hereford 
cows were consistently heavier than Angus cows in mature 
weight. 
The influence of nursing or calving status of cows on 
cow mature weights was a highly significant source of varia­
tion for all fall and spring weights. For fall weights, cows 
were classified as either dry or wet, depending upon whether 
they had nursed calves during the summer. Dry cows were 
consistently heavier than wet cows with regard to fall 
weights. The reason is obvious since wet cows must provide 
considerable nutrients for calf nourishment. 
For spring weights, cows were classified as calved, 
pregnant, and open; the classifications are self-descriptive. 
The pregnant cows were heaviest. This was expected since the 
weight of the pregnant cow also included the weight of the 
fetus. The cows that had calved were generally lightest. 
The open cows were generally medium in their mature weights 
between the two classes. The effect of nursing status was 
reported significant by Marlowe (1962) when flesh condition was 
not considered in the model. Brown and Franks (1964), studying 
Table 24. Estimates for the effect of farm-breed on cow weights 
Cow fall weight Cow spring weight 
1 2 3 4 1 2 3 4 
Alb ia-Here ford 9.9 10.6 56.4 35.7 32.6 35.7 63.5 43.6 
Ankeny-Angus -8.4 0.7 -16.8 -31.8 12.7 1.6 -30.4 -35.8 
Ankeny-Hereford 77.1 54.2 81.8 69.5 48.7 49.9 44.2 39.5 
Ankeny-Shorthorn 44.4 28.6 —8 . 5 -38.5 7.6 -10.1 -20.4 -
Chari ton-Angus -70.7 -57.9 -104.7 -43.4 -52.2 -87.7 -12.9 -18.1 
Chariton-Hereford -52.2 -36.3 -75.4 -77.0 -49.4 -73.3 -89.8 -65.5 
Chariton-Cross — — 67.6 85.4 84.0 45.7 36.3 
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cow weights of 3-year-olds, reported that dry cows were 
heavier than wet cows. 
Fall and spring weights and age composition 
The least squares means for cow mature weights were 
plotted against weighing seasons to examine the general trend 
of cow mature weights from 1961 to 1965, The curve in Figure 
11 indicates that no definite change in mature weight had 
occurred during the period. Spring weights were generally 
lighter than fall weights. The fluctuation of cow weights 
from fall to spring through the period was generally con­
sistent. Cows gained weight from spring to fall and lost 
weight from fall to the next spring. There was no trend of 
fall and spring mature weights over the four-year period. 
The age composition of cows in the herd are shown in 
Figures 12a and 12b for spring and fall weights, respectively. 
The age composition was very similar when the mature weights 
were taken, as might be expected with a relatively constant 
rate of replacement. The average age of cows for all weights 
was between 4.1 to 4.3 years. 
Repeatability of cow mature weights 
The analyses for calculating the repeatabilities of fall 
and spring cow weights are presented in Table 18. The esti­
mates were 0.33 and 0.40 for fall and spring weights, respect­
ively. The repeatability calculated in this study was smaller 
than the estimates reported by Brinks, et al. (1962) , who 
Figure 11. Least squares means of cow mature weights 
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Figure 12a. Age composition of cows for fall weights 
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Figure 12b. Age composition of cows for spring weights 
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obtained repeatabilities of 0,76 and 0,84 for fall weight and 
spring weight, respectively. The estimates presented by 
them were calculated as the intraclass correlation of the 
records of the same cow by a particular sire in a line, 
Fitzhugh, et (1967) studied cow weights taken after 
parturition (PW) and at weaning of calf (WW) from various 
stations; they reported that repeatabilities of cow weight 
varied from 0,45 to 0.79 for PW weight and 0.55 to 0,88 for 
WW weight, Lueker, et (1963) also reported a repeatability 
estimate of cow weight for Hereford and Angus of 0,49, The 
estimates obtained in the present study are expected to be 
smaller than that computed by Brinks, et al, (1962) and 
Fitzhugh, et al. (1967) since it is calculated as the intra­
class correlation of two random weights of the same cow. 
Relationship of Cow Weight to 
Calf Weaning Weight 
The results obtained for the relationships between cow 
weights and calf weaning weight are presented in Table 20 and 
summarized in Table 25. The coefficients of correlation between 
calf weaning weight and cow weights were highly significant 
(p<0.01) except for that between cow and calf weaning weight. 
The intra-sire correlation between cow and calf weaning 
weight was 0.03. The intra-sire regression of offspring on dam 
for weaning weight was 0.034 pound, while this quantity 
multiplied by two is the estimate of heritability of weaning 
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Table 25. Correlations between calf weaning weight with cow 
weights 
CnrreTafinn leaning Yearling Mature weight 
correlation weight weight 1 2 3 4 
Intra-sire 0.026 0.132 0.110 0.146 0.114 0.124^ 
0.157 0.143 0.128 0.127^ 
Total 0.038 0.139 0.106 0.145 0.149 0.148^ 
0.147 0.168 0.146 0.123^ 
^Fall weight. 
^Spring weight. 
weight. The relationship between cow and calf weaning weights 
in terms of correlation coefficients as such are infrequently 
given in the literature. The more common practice is to 
double the regression coefficient of offspring on dams' 
weaning weight, to obtain estimates of heritability for this 
trait. The estimate obtained by this method, however, con­
tains the component of variance due to the difference in 
maternal abilities of cows and the covariance of maternal 
ability and the additive effects of offspring genes in addi­
tion to the component of variance due to the additive effects 
of offspring genes. Such estimates have generally been below 
0.20. Brown (1958) obtained the heritability of weaning 
weight from a regression as 0.04. Sewell, et a]^. (1963a) 
reported an estimate of 0.08 for weaning weight in Hereford 
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cattle. Christian, et (1965) reported the heritability of 
weaning weight from Hereford twin data by the regression 
method as 0.14, For relationship, Koch and Clark (1955c) 
reported the correlation between dam and calf weaning weight 
as 0.06. 
Brown and Gacula (1964) obtained a higher estimate of 0.14 
pound for a regression of calf on dam weaning weight in Angus 
and Hereford. Rollins and Wagnon (1956) also reported a 
regression of 0.42 pound for calf weaning weight on cow weaning 
weight for a supplemented group; a regression of -0.06, 
however, was obtained for a non-supplemented group. 
The intra-sire and total correlations between calf weaning 
weight and cow yearling weight were 0.132 and 0,139 as com­
pared with 0.12 for the correlation reported by Koch and Clark 
(1955c) . 
The intra-sire correlations between calf weaning weight 
and four cow fall weights were highly significant, ranging 
from 0.110 to 0.146, The total correlation coefficients were 
from 0.106 to 0.149. Brinks, et a^. (1962) reported the 
correlations of cow previous fall weight with calf weaning 
weight of 0,12 and cow current fall weight with calf weaning 
weight of 0.09. 
The intra-sire correlations between four cow spring 
weights and calf weaning weight ranged from 0.127 to 0.157, 
while the total correlations varied from 0.123 to 0.168; they 
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were comparable to the values obtained with respect to fall 
weights. Brinks, et al. (1962) reported the correlation of 
0.21 between cow spring weight and calf weaning weight at 180 
days. 
Cow mature weight in earlier studies has usually been 
positively correlated with calf weaning weight. Rollins and 
Wagnon (1956) reported correlations of 0.48 and 0.18 between 
cow weight at 27 months of age and calf weaning weight, for 
supplemented and non-supplemented groups, respectively. 
Marlowe (1962) reported intra-sire correlation estimates 
ranging from 0.20 to 0.28 for cow weight with calf weaning 
weight. Tanner, et al. (1965) obtained the correlation 
coefficient of 0.34. 
The correlations of cow mature weights and calf weaning 
weight reported in this study were generally low but signifi­
cant. The estimates were obtained as the association of cow 
mature weights measured at 6-month intervals during the period 
of 4 years, 1961 to 1965, with weaning weights of all calves 
produced by the cows. The coefficient calculated, therefore, 
indicates the relationship between a single cow weight and 
a randomly chosen one of her calves. The magnitude of the 
correlation coefficients computed in the present study are 
smaller than if they reflected the association of cow weight 
and the immediate calf weaning weight, such as was estimated 
by Brinks, et al. (1962) and Rollins and Wagnon (1956). 
123 
The covariance between offspring and dam weaning weights, 
as shown in Figure 13, contains one-half of the variance due 
to the additive effect of the genes for growth until weaning, 
one-half of the variance contributed by the additive effect 
of the genes for maternal ability plus one-half of the co-
variance between the maternal effects and the additive gene 
effect for growth until weaning of cows. 
m 
2 12 Since contains (j) o^, therefore, 
"^2^ ^AM 
From the results obtained in this study, the value for the 
difference is obviously negative which could indicate the 
nature of the covariance of the additive effects of off-
spring genes and maternal effects since is positive. 
It also reflects the nature of the additive genetic covariance 
of growth and maternal ability since, from Figure 1, 
^AM ~ 
®aa ^A 
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Figure 13. Path coefficient diagram showing the relationship 
of cow and calf weaning weights 
= Genotype of the maternal ability of grandam 
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QA^  = Genotype of offspring weaning weight 
r« = Genetic correlation between the maternal 
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2 h = Heritability of weaning weight 
2 h^ = Heritability of maternal ability 
= Phenotype of dam weaning weight 
QP^ = Phenotype of offspring weaning weight 
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m = Direct effect of maternal ability 
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The negative association between the genetic effects for 
growth and maternal ability of the cow is, therefore, 
indicated. 
The intra-sire regressions of offspring weaning weight 
on dam weights are shown in Table 26. The largest re­
gression was 11.4 pounds increase in calf weaning weight 
per 100 pounds increase in cow yearling weight. The 
smallest estimate was the regression on dam weaning weight. 
The coefficients of regression of calf weaning weight 
on fall and spring cow weights ranged from 6.6 to 9.9 
pounds. Tanner, et al. (1965) and Neville (1962) obtained 
the regressions of 4.9 and 7.0 pounds, respectively, for 
calf weaning weight on cow weight. 
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Table 26, Intra-sire regression of offspring weaning weight 
' • on dam weight ' 
Dam weight j Regression* 
Weaning weight 3.4 
Yearling weight 11.4 
Fall weight 6.8 9.3 6.6 7.0 
Spring weight 9.9 8.6 6.9 7.2 
^Pounds of calf weaning weight per 100 pounds of cow 
weight. 
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SUMMARY 
The major objective of this study is to examine the 
relationships between cow weights and calf weaning weight 
and factors affecting cow and calf weights. The data used 
in the present study were 2218 weaning records of Angus, 
Hereford, Shorthorn, Hereford-Brown Swiss, and Hereford-
Charolais calves born during the years of 1951 to 1965 to 
more than 600 cows raised at three Iowa State University 
experimental farms. In addition to 205-day weaning and 
yearling weights, eight cows mature weights were taken, once 
in fall and once in spring, during fall, 1961 to spring, 
1965 when cows were between 2 and 14 years of age. 
The least squares method was used to estimate the effects 
of various influencing factors. For calf weaning weight, the 
effects of farm, breed, year of birth, g.ge of dam, sex, and 
age of calf at weaning were fitted by assuming that the 
effects of interactions among various factors were non­
significant, except for that of sex by age of dam and sex 
by year of birth which were found nonsignificant in this data. 
The effects of all factors included in the model were highly 
significant (p<0.01), except that for breed within the Ankeny 
farm (p>0.05). The data were adjusted for the effects of 
various influencing factors before the genetic analysis was 
proceeded. 
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The adjusted calf weaning weights were analyzed for the 
differences due to sires and dams within sires. The heritabil 
ity estimates of calf weaning weight were computed from the 
paternal half-sib correlations and they ranged between 0.19 
to 0.35. The pooled estimates for all farms and all breeds 
were 0.28 and 0.24, respectively; the respective estimates 
for the correlations between full-sibs were 0.38 and 0.26. 
The effects of maternal influence on calf weaning weight 
appeared generally large, ranging from 13 to 48 percent of 
the phenotypic variation, except for that in Angus. 
For cow weaning and yearling weights, the effects of 
farm-breed and year of birth were analyzed and found to be 
highly significant (p<0.01). For cow fall and spring weights, 
the effect of calving status were fitted simultaneously with 
that of farm-breed and age of cow, all of which were found 
highly significant (p<0.01) for every weight. The intraclass 
correlations between two random weights from a cow were 0.33 
and 0.40 for fall and spring weights, respectively. 
The intra-sire correlations between calf weaning weight 
and cow weights were generally low but highly significant 
(p<0.01), except for that between calf and cow weaning weights 
(p>0.05); the results are as follows: 
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Cow weight 
Weaning weight 
Yearling weight 
Fall weight 
Correlation 
0.026 
0.132 
First 
Second 
Third 
Fourth 
0.110 
0.146 
0.114 
0.124 
Spring weight 
First 
Second 
Third 
Fourth 
0.157 
0.143 
0.128 
0.127 
The intra-sire regression of 11.4 pounds increase in calf 
weaning weight per 100 pounds of cow yearling weight was 
largest and that of 3.4 pounds for calf weaning weight on 
cow weaning weight was lowest. The coefficients of regression 
of calf weaning weight on fall and spring cow weights were 
between 6.6 to 9.9 pounds. 
The covariance between the maternal effects and the 
additive gene effect for growth until weaning of cows was 
examined, the negative association was indicated. The com­
ponents of variance for among sires and among dams within sires 
as well as covariance between offspring and dam weaning weights 
are presented as follows: 
Variance Covariance of offspring-dam 
Among sires Among dams 
292 876 75 
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